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Chapter 1 
SYSTEM OVERVIEW 


l*l_INTRODyCTION 




|_The MAD-1 <TM)y^ Workstation is a compact nodular state-of-the-art 
Machine that reflects the most advanced computer technology 
possible* The MAD- l^o-ffers-^a powerful processing capability 
compatible with the^'IBM PC (TIITk ’^) 


The MAD- 1 , shown in Figure 1-1 ? runs the industry standard MS-DOS 
2*0 and Concurrent CP/M *36 operating systems as well as a vast 
variety of application programs that are available in the market 
today** In addition, the MAD-:L can be networked using the 
field-proven EtherNet or PCNet Local Area Networks (LANs)* 



MAD-1 Picture 


Figure l-ls MAD-1 System 
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^d\ kjie 

1 , 1*1 Standard Configuration 


f^The MAD-1 is currently 7 avail able* in two basic Models; one 
c<5Fitaining two floppy djy»R units and the other containing one 
floppy disk and one 10Qb) hard disk. The standard configuration 
for each node) is given in the following list; 


MAD-1 ; 

With Two 
Floppy Disks 


o An Intel 80.186 Microprocessor 
o .128K bytes of RAH and 16K bytes of EPROM 
o Two RS-232C Serial Interface Ports 
o One Parallel Interface Port 
o One Video Controller with color and 
Monochrome capabilities, 
o One ripnochrome Video Display (green or 
anbc-fr) and Keyboard 
o Two 360K bytes Floppy Disk Drives 
o DOS 2,0 Operating Systen 


MAD-1 ; 

With Hard Disk 
Option 


o An Intel 80136 Microprocessor 
o 256K bytes of RAM and 16K bytes of EPROM 
o Two RS-232C Serial Interface Ports 
o One Parallel Interface Port 
o One Video Controller with color and 
MonochroMe capabilities 
o One Monochrome Video Display (green or 
amber) and Keyboard 
o One 360K bytes Floppy Disk Drive 
o One 10M bytes Hard Disk Drive 
o DOS 2,0 Operating SysteM 
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1.1.2 Optional Features 


[j£he MAD - 1 ^system) of f ers a variety of both hardware and software 
features that**— — ^ edn be easily field-instal led. The fol lowing list 
contains the optional features currently available? 


HARDWARE 


o Exp axis ion- Modem? (4 slots) ^ v 

o <12SK Memory Expansion Kit (Max. of 3) 

o ABTjX^y EPROM (using - 27 1 28 ) 

o 10 Hard Disk 


SOFTWARE 




o OperatinoSystems 

- MS-^OS/iTfr- 

cciyh 3Vi ^ 

- VENIX 

o Languages 

- GW-^Basic 

- Pascal 

- Cobol 

- C 


£■0 




Note; Addition of floppy and/or hard disks 
will require an ^Expansion Jtfodule. 
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l.i.2_SYSTEM_C0nF:0NENTS 

^The MAD -1a Workstation is designed and implemented using advanced 
and proven technology and built around the concept of modular 
arc h i t ec tur e . 

High-speed TTL technology is utilized on mu 1 ti - 1 ayered boards in 
the implementation of the logical components* The two iviner: 
layers of each printed circuit board are connected to the(5VDC 
power supply and ground/ which provides a contiguous power ancT 
voltage plane for the logical components on -the board* The outer 
two layers of the printed circuit board provide discrete 
connections or bus lines between the various logic components on 
the board* External connections to other PC boards and 
assemblies are made via ribbon cables* 

The logic portion of the system is partitioned into three 
separate modules/ the computing module/ the data module/ and the 
expansion module* In addition/ there is the video display and 
keyboard modules that are used for operator interface* Each 
module may be configured with additional optional features to 
give today's sophisticated users an exact and powerful 
configuration tailored to specific operation* 

The overall block diagram of the MAD-l showing the following five 
primary components is shown in Figure 1-2* 


1* Computing Module 
2 » Data Modu 1 e 
3 ♦ Video D i sp 1 ay Modu 1 e 
4 . Keyboard Modu 1 e 
5 ♦ Exp ans i on Modu 1 e 
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MAD-1 Block Diagram 


Figure 1 - 2 : MAD-1 Block Diagram 
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1.2.1 Computing Module 

, -*• 

[ Th e computing module is ya 12.5" X 15.5" X 2.5" hard plastic 
enclosure containing up tathree PC boards. eight external 
interface connectors/ and * two sets of internal jumper 
connections/ as shown in the following list; 


PC BOARDS; 

o CPU board 
o Video board 

o Expansion board (optional) 

EXTERNAL CONNECTORS; 

o Two 37 -pin connectors; 

- One for floppy disk connection , 

- One for fixed hard disk connection (Optional) 

o Three 25^Fin connectors* ‘ 

- Two for serial communication 

- One for parallel printer interface, 
o One lO-J^in connector for DC power jfw . 

o One 9-^in connector for video display signals, 
o One in modular tel ep hone -sty 1 e connector 
for the keyboard interface. 


INTERNAL JUMPER SETS; . 

o 22 -^Jumper set for the CPU 
o 11 -jumper set for the video board 

Each of these items is further described in subsequent chapters 
of this manual . 


1 .2.1.1 CPU Board 


The CPU board is a multi-layered ll"xl4" printed circuit board 
containing all the processing/ communication/ timing logic/ and 
al 1 the neccessary interface for the system. It is mounted in 
the bottom of the computing module and contains the integrated 
floppy disk controller and a programmable peripheral interface. 
The physical locatiov^of the components^on the CPU boarcJ^Ts^shown 
in Figure 2-3. /[ 
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Show drawing of CPU Board .layout 


Figure 1-3; Physical Layout of CPU Board 
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The logical components contained on the CPU board/ as shown in 
Figure 1-3/ are given in the following lists 


o Intel 80186 operating in minimum mode* 

- Two internal DMA channels. 

- Three internal timer channels. 

o Four DMA channels (Intel 8237A-5) . 
o Three timer channels (Intel 8254). 
o Eight interrupts (Intel 8259A-2). 
o Serial /Paral 1 el communication interface 

- One serial ^2rt»rtiary channel USART (Intel 8274). 

- One serial primary channel UART (Intel 8250) 

- One serial secondary channel UART (Intel 8250) 

- One parallel printer interface 
o Memory control and memory 

- Up to 32K EPROM (using two 2764 or 27128 type EPROMs) 

- Up to 512K RAM 

o Programmable peripheral interface (Intel 8255) 
o Floppy disk controller (Intel 8272-A) 
o Clock/Calendar chip with battery back-up (58321) 
o I/O <( J2bnnectors 

- One 37-pin connector (floppy interface)/ 

- Three 25-pin connectors (two for serial port and one for 
parallel port) 

o Speaker circuitry 

o 8-Bit dip -switch for indicating disk/ display type/ and 
memory size. 

o Expansion slot for a third party peripheral card or for 
an additional 128K of memory (Optional ) 
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1*2. 1*2 Video Control Board 

The video board is a 14" X 5-3/4" four layer printed circuit 
board that is mounted component side down directly above the CPU 
board in the computing module* It is controlled by the Motorola 
<6345 CRT control chip and .is capable of performing the functions 
of both the<IBM monochrome ^tisp 1 ay adapter and the col or/graphic 
adapter ( not ~ i ncTud ing composite color video)* Selection of 
either monochrome display or col or/graphics is made via juniper 
assignments, described in Appendix C of this manual (one channel 
is operated at a time)* 

The video board itself, shown in Figure 1-4, contains the 
following connectors and logical circuitry; 


o <64-pin interface connector to the l<6~bit expansion bus* 
o Special 16 -pin connector providing the upper byte of 
the 16-bit data bus. 

o 9-pin D-shaped interface connector to the CRT display, 
o CRT control chip (Motorola 8645) 
o Monochrome and color video circuits 


+ + 


Show drawing of Video Board layout 


+ + 


Figure 1-4; Physical Layout of Video Board 


' l 


T'- - ’ 


1 r 


frl - 


MAD COMPUTER 


SYSTEM OVERVIEW 


1» 2.1 *3 Memory Expansion Board 

The memory expansion board is used to expand main memory from 
512K bytes to 640K bytes. It is an optional four- layered printed 
circuit board that contains the necessary control logic and 
memory for an additional 128K bytes of Dynamic Random Access 
Memory (DRAMX. The memory expansion board (when installed in the 
Computing Module) is mounted on a small bracket above the CPU 
board. Connection between this optional memory board and the CPU 
board is via one 62-connector and one 16-connector ribbon cable. 


1*2.2 Data Module 

[It he data module is identical in size <12.5'* X 15.3" X 2. 5”) and 
shape to the computing module and contains the following list of 
components: 


o 

o 

o 


o 

o 



Up to two -floppy disk/ drives, or one floppy disk and 
optional ^fard in.sk Drive. 

System's DC power supply. 

External connector for connection to rest of the system. 
- Two 37-pin connectors? one for the floppy, and one 
for (optional) fixed hard disk. 

One 10-Pin connector for DC power out. 

RESET button 

One 2-pin connector for video monitor DC power out. 


1*2.3 Video Display Module 

/ The video module consists of a standard lightweight 12" 
monochrome CRT, or an optional IBM compatible color CRT. This 
module operates in conjunction with the computing module which 
contains video control logic, and the data module that supplies 
all the necessary voltage. 


1.2.4 Keyboard Modu l e 

/~~The MAD-1 keyboard is designed to meet al 1 European ergonomic 
and DIN standards. It utilizes the Intel 8048 microprocessor and 
a 64 byte input data buffer. The keyboard contains the standard 
alphanumeric typewriter' keyboard and additional function keys for 
a total of 85 keys. These keys are arranged to provide optimum 
usage and reach . 

The keyboard interface is located in the computing module with 
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the connection made via a 6-connector coiled cable. 


1»2»5 Expansion Module 



[The expansion module is a 12.5" X 15. 5” X 2. 5" - eptiona hard 
plastic optional enclosure which provides housing for an 
additional IBM compatible expansion board. This module is shown 
in Figure 1-5. 


Photo of Expansion Module with 
open cover/ showing slots for 
different expansion board. 


Figure l-5s Expansion Module 
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1*2*6 Connectors And Cables 

|^_JThe number of connectors and cables is dependent on the 
configuration of the system* Figure 1-6 shows the various types 
of connectors and cables that may be used in the systems 


Diagram of the J connectors 
and 

System Cables 


Figure l-6s System Connectors and Cables 
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Chapter 2 

CENTRAL PROCESSING UNIT 


^.INTRODUCTION 

Pfbis section contains a functional and operational description 
of the Central Processing Unit (CPU) in the MAD-1 — . 

TerGom 

The MAD-1 CPU utilizes the Intel 80186 Microprocessor chip 
operating in mini mum Mode* Its operation is such that it 
Maintains complete compatibility with the Intel 8088 and 8086 
processors even though it provides a much piore extensive and 
faster instruction set* The 80186 has added many new 
instructions as wel 1 as optimizing several current instructions 
in order to improve the overal 1 throughput of the processor* 

The CPU will support up to one megabyte of dynamic RAM (DRAM) 
memory* However* to stay compatible with the IE41 PC the MAD-1 
CPU currently supports only 640K bytes of DRAM memory* The 640K 
bytes are distributed between the CPU board (5.12K bytes) and the 
expansion board (128K bytes). In addition to the dynamic RAM 
memory support/ the CPU card contains 16K bytes of ROM (Read Only 
Memory) » 

The CPU interface/ shown in Figure 2-1/ contains the following 
logical components: 


o Microprocessor/ Intel 80186 chip 
o Memory and Memory Control 

o Direct Memory Access.* Intel 8237A-5 chip 
o Interrupt Controller/ Intel 8259A-2 
o Interval Timer/ Intel 8254 

o Programmable Peripheral Interface/ Intel 8255 chip 
o Serial Communication Interface/ Intel 8274/8250 chips 
o Parallel Printer Interface* 
o Floppy Disk Controller/ Intel 8272 chip 
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2.2.1 80186 Processor I/O Pin Description 


Table 2-1 s Processor Pin Descriptions 


SIGNAL NAME 

PIN NO ♦ 

DIR 

" '' ******** 7 

1 

DESCRIPTION 

ADl'5-ADOO 

10-17 

I/O 

t 

1 

Address/Data bus (0-15), time multiplexed ! 


01-08 

I/O 

memory or I/O address and data bus. i 

The signals on this bus are active high. ! 

1 

ALE/QSO 

61 

0 

Address Latch Enable/Queue Status 0 is an 1 




active? high signal provided by the? 80186 ! 

to latch the bus address bits in the ! 




address latches. ! 

ARDY 

55 

I 

Asynchronous Ready is an active high sig- i 
nal used to inform the 80.1.86 that the 1 




addressed memory space, or I/O device, ! 

will complete the on-going data transfer. ! 

A19/S6 >■ 

65 

0 

Address Bus Output <16- 1?) and Bus Cycle i 

A18/S5, 

66 

0 

status (S3-S6) are high active signal that! 

A17/S4 , 

67 

0 

represent the four most significant bits ! 

A16/S3 

68 

0 

of the address bus lines. ! 

S6 = 0, indicates Processor Cycle ! 




S6 = 1, indicates DNA Cycle ! 

1 

-BHE , S7 

64 

0 

Bus High Enable is an active low signal ! 

that is used for strobing the eight most I 
significant bits of the data (D15-8) onto ! 
the data bus. S7 is an active high signal ! 

that represents bit 7 of the status. ! 

1 

i 



1 

1 

1 

1 

1 

» 

-BHE AO . Function ! 

0 0 Word Transfer ! 




0 1 Byte Transfer bits D15-D08 I 

1 0 Byte Transfer bits D07-D00 ! 

1 1 Reserved ! 

1 




t 

1 (Continued) ! 
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Table 2-1 continued; 


SIGNAL NAME 

CLOCKOUT 

PIN NO. 

56 

DIR 

0 

DESCRIPTION 1 

Clock Out is an active high signal that ! 

provides the system with a 50% duty cycle ! 

c 1 ock ♦ ! 

1 

-DEN 

3? 

0 

Data Enable is an active low signal used ! 
to enable the data bus transceivers. 

DRQO 

18 

I 

DMA Request 0/1 are active high signals ! 

DRQ1 

1? 

I 

raised by an external I/O device request- ! 
ing a DMA transfer operation. ! 

DT, -R 

40 

0 

Data Transmit/ Receive is used to control ' 
the direction of the data flow. ! 

HOLD 

. 

50 

. 

I 

Hold is an active high signal sent to the? ! 
80186 processor to indicate another bus ! 
master is requesting the use of the bus. ! 

HLDA 

51 

0 

HoVd Acknowledge is an active high signal ! 
issued by the 80186 processor in response ! 
to the HOLD signal. ! 



— 


INTO 

45 

I 

Interrupt Requests 0-3 are active high ! 

INTI 

44 

I 

signals. INT2 and INT3 may be configured ! 

INT2 

42 

I 

via software to provide an active low ! 

-I NT AO 

42 

0 

Interrupt Acknowledge signal on each of ! 

INT3 

41 

I 

corresponding pins. ! 

INTA1 

41 

0 

All interrupt request lines must remain ! 

ac t i ve unt i 1 ac know 1 edged . 1 

-I.CS 

! 34 

0 

Lower Memory Chip Select is an active low ! 
signal issued whenever a memory reference ! 

I is made to a defined portion of memory ! 

(1K-256K). i 

-LOCK 

l — — — — — 

48 

0 

LOCK is an active low signal issued by the! 

! processor to prevent bus access by other ! 

bus masters . ! 

1 — _ » 

-MCSO 

38 

0 

Mid Range Chip Selects 0-3 are active low ! 

-MCS1 

37 

0 

signals issued when a meptory reference is ! 

-MCS2 

36 

0 

made to a defined piidrange portion of the ! 

-MCS3 

35 

0 

piemory (8K-512K). Signals are software ! 

programmab 1 e . ! 

( Cant i nued ) ! 
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Table 2-1 continued; 


SIGNAL NAME! 

NMI ! 

PIN NO. 

46 

DIR 

I 

DESCRIPTION 

Non-Maskable Interrupt is an active high 
signal that triggers the NMI interrupt 
when a memory parity error or channel 
error occurs. 

-PCSO, -PCS1 i 

25,27 

0 

Peripheral Chip Selects 0-4 are active low 

-PCS2, -PCS3 ! 

28,29 

0 

signals issued when a reference is made to 

-PCS4 ! 

30 

0 

a defined peripheral area (64K I/O space) 

-PC35, A1 ! 

31 

0 

Peripheral Chip Select 5 is an active low 



0 

signal that may be programmed to provide 



0 

a sixth peripheral- chip select, or to 



0 

provide an internally latched A1 signal. 

-PCS6, A2 i 

32 

0 

Peripheral Chip Select 6 is an active low 



0 

signal that may be programmed to provide 



0 

a seventh peripheral chip select, or to 



0 

provide an internally latched A1 signal. 

-RES ! 

24 

I 

Reset is an active low signal that is 




issued by the operator. This signal , 




when active, causes the 80186 processor 




to terminate al 1 ongoing activities. 

RESET I 

57 

0 

RESET is an active high signal issued by 




the 80186 to indicate it is being reset. 




RESET may be used to reset the system. 

SRDY ! 

49 

I 

Synchronous Ready is an active high signal 




that must be synchronized externally to 




the 80136. 

SO-3 ! 

52-54 

0 

SO-3 are active high signals that provide 




bus cycle status, as encoded below; 




SO SI S2 BUS CYCLE INITIATED 




000 Interrupt Acknowledged 



1 

001 Read I/O 




0 1 0 Write I/O 




! 0 1 1 Halt 




100 Instruction Fetch 




! 1 01 Read Data from memory 




110 Write Data to memory 




111 Bus inactive 

' . 




(Continued) 
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Table 2-1 continued; 


SIGNAL NAME 

-TEST 

PIN NO. 

47 

DIR 

I 

DESCRIPTION 

TEST is an active low signal examined by 
the WAIT instruction. If TEST is active/ 
it will cause the execution of the WAIT 
instruction to be suspended. The WAIT in- 
struction will re-examine TEST/ and if not 
active/ it will resume execution. Other- 
wise WAIT will continue to examine the 

TEST signal. 

TMR IN 0 

20 

I 

Timer Input 0 and Timer Input 1 are active 

TMR IN 1 

21 

I 

high signals that are used as either a 
clock or control signal/ depending on the 
programmed timer mode. 

TMR OUT 0 

22 

0 

Timer Output 0 and Timer Output 1 are 

TMR OUT 1 

23 

0 

active high signals that provide single 
pulse or conti nous waveform/ depending on 
programmed timer mode. 

-UCS 

34 

0 

Upper Memory Chip Select is an active low 
signal that is issued whenever a memory 
reference is made to the defined portion 
of the memory (256K-512K). 

UCC 

! 9 , 43 

I 

System Power/ provides +5f0dc) to the 
internal logics of the flOrflo processor. 

OSS 

2.6,60 

\ ^ m 

I 

Systeri Ground 

- WR f QS1 

63 

0 

1 

1 

1 

Write Strobe is an active low signal that 
is used to strobe data on the bus into 
memory or an I/O device. QS1 is an active 
high signal that represents Queue Status 1 

XI 

59 

: i 

! Crystal Inputs XI/ and X2 are active high 

X2 

5& 

i 

i 

signals that provides an external connec- 
! tion for a fundamental mode parallel 
resonant crystal for the internal crystal 
oscillator. The XI input may be connected 
to the output of an external clock instead 
of a crystal ♦ 
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2 * 2*2 80186 Internal Register Map 


dh e Intel 
described 


80186 
be 1 oui 


Microprocessor provides 14 internal registers as 


X ' FE ' 


X' DA' -X' DO' 


X'CA' -X'CO' 


X' AO' -X' A8' 


X ' 66 ' -X60' 
X'5E' -X58 ' 
X' 56' -X50 ' 


X'3E' -X' 20 ' 


RELOCATION REGISTER 


DMA DESCRIPTION CHANNEL 1 


DMA DESCRIPTION CHANNEL 0 


CHIP SELECT CONTROL REGISTER 


TIMER 2 CONTROL REGISTER 
TIMER 1 CONTROL REGISTER 
TIMER 0 CONTROL REGISTER 


INTERRUPT CONTROL REGISTER 


Figure 2-3s 80186 Internal Register Map 


Technical Reference Manual 840707; ?0 , 07 


HAD COMPUTER 


CENTRAL PROCESSING UNIT 


2.3_MEnORY_SUBSYSTEriS 

\~Ba sica 1 1 yA there are three types of memory elements used in the 
design of the HAD -1^ Workstation* They are: 

ferSAtvd 

1) Dynamic Random Access Hemory (DRAH) 

High-speed volatile reacL'write memory for implementing 
the main memory used byjprocessor and I/O operations* 

DRAH requires a periodic refresh cycle to retain its 
contents ♦ 

2) Static Random Access Hemory (RAH) 

RAM is a high-speed volatile read/write memory used 
for buffering display and keyboard data. 

3 ) Programmab 1 e Read On 1 y Hemory < PROM ) 

PROM is a non-volatile type of memory used for storing 
system control and system operational instructions that 
are coded specifically for the HAD-1* 


Figure 2-4 shows the physical location of each memory type on the 
CPU and video/ board* A more indepth discussion of each one 
follows the Figure* 
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Line Drawing of CPU & Uideo Board 
shown the memory outline 


Figure 2-4 5 CPU/Video Memory Locations 


2 ♦ 3 ♦ 1 Ma i n Memory 

Main memory in the MAD-1 is viewed as a contiguous string of 
9-hit bytes <8 data hits plus one parity bit) beginning at memory 
address x'OO'* It utilizes 64K DRAM chips to support a maximum 
of 640K bytes in increments of 128K bytes* The first 512K bytes 
of DRAM reside on the CPU board in the computing module and begin 
with address x'OO' through x'/FFFF'* The remaining 128K bytes 
are located on the memory expansion card > mounted above the CPU 
card in the computing module, and contain memory addresses 
x' 80000' through x'9FFFF'* An address map of main memory is 
shown in Figure 2-5* The connection between the mepiory expansion 
card and the CPU board is through a 62-pin and a 16-pin I/O 
extension cable. The DRAM chips in main memory are arranged to 
provide a 16-bit read-out for a 16-bit CPU transfer operations* 
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X' OOOOO' 


X' 80000' 

X' AOOOO' 
X'BOOOO' 

X'BSOOO' 
X ' BCOOO ' 

X'FCOOO' 
X ' FFFFF ' 


512K Max .in Memory 
on CPU Board 


128K Expansion Memory 
On Memory Expansion Board 


Reserved 


Monochrome (1-SKX. 


Color/ Graphics (16K) 


Reserved 


System ROM CI.6K) 


Figure 2-5; Memory Address Map 
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2*3*1 *1 Main Memory Cycle Time 


(jTfje dynamic__RANs (DRAMs) used in main memory have an access time 
of 1^0 ( rjsec_ *y The processor requires four CPU cycles (167 £nsec ") 
per cycle) to access data from main memory/ and a minimum of 
CPU cycles for I/O operations* When I/O access occurs/ one wait 
state is automatically inserted and the READY signal is sampled* 

If the READY signal is false/ another wait state may be added* 
The memory timing diagram is shown in Figure 2-6; 


Show Memory Timing Diagram 


Figure 2-6; Memory Timing Diagram 
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2.3* 1.2 Parity Bit 

jT~MAD-l memory provides one parity bit with each byte of 
informati on i.ir-L tt gn or read frnm niain m emorm . as shown in Figure 
T parity bits are transparent to the user and the 
program^* -and-^a^e written during wri te oper ations and are checked^ 
■du ring re ad operations.^ /!? a parity check occurs, the operati on 
ishalted by a 1 eve 1 T_ 0' interrupt/ referred to as a Non-Maskable 
Interrupt (NMD* This type of interrupt has the highest priority 
in the system. For more information on interrupts/ see section 
2.6/ Interrupt Control/ in this^Ehapter . 


NOTE; Parity bits may be enabled by jumpering W-0? 

on the CPU board (see Appendix C for. al 1 jumper 
locations). 


! 7 ! 

I l 

l l 




1 ! 0 ! 


Figure 2-7; Memory Byte with Parity 


2 . 3 ♦ 1 * 3 Main Memory Ref resh 

The dynamic RAMs used by main memory require a periodic refresh 
(every 2 milliseconds) to sustain the recorded data in the memory 
cells. The refresh operation is performed by DMA Channel 0 
issuing periodic read requests to main memory. The DACK 0 signal 
is used to enable RAS on all memory chips and inhibit CAS. 


2.3.2 Video Display Buffer Memory 



iThe MAD- Workstation utilizes static RAM memory/ located on the 
video display board (see Figure 2-4). for its 16K byte video 
display buffer (8-bit bytes with no parity) . This memory space 
is used to buffer the display information and its attributes. 
For more information/ see Chapter 3 in this manual. 


2.3.3 Programmab 1 e Read On 1 y Memory ( F'ROM ) 

| U ni ike main memory/ PROMs are static and do not require a 
refresh operation. This type memory consists of either a pair of 
2764 chips for :I.6K bytes/ or 27128 chips for 32K bytes. The 
current PROM memory address assignment for 16K bytes begins at 
location X'FCOOO' and at X'F8000' for 32K bytes. 
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The access tine of PROM memory is 35o Cpanoseconds ♦ 
accesses PROM information the same, as main memory 
above memory address /x ' FBFFF ' , two wait 


However^ for 
inserted . 


The processor 
information , 
states are 


1 n 
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2.4 INPUT/OUTPUT (I/O) CHANNEL 



^~~fh e I/O channel is a de~pu.t 1 tip 1 exed buffered extension of the 
80186 Microprocessor bus with added interrupts, DI1A channels, 
power, and control signals. The I/O channel itself is an 86-pin 
connector consisting of; 


o 

o 

o 

o 

o 

o 

o 

o 


20-bit Address Bus 

16-bit Bi-directional Data Bus 

Six levels of Interrupts 

Three DI1A Channels 

Power and Ground for Adapters. 

Control Lines for Memory and I/O Read/Write, Clock, 
and Timing. f 

Four voltage lines, +/~5vdc) and +/-l^VdcJ for expansion 
cards. 

READY Line for operation of slow I/O or Memory Devices 


(S 

Each I/O operation requires^minimum of five CPU cycles. This 
includes one automatically inserted wait cycle that is used for 
sampling the READY line. If the READY signal is not activated 
during the sample, another wait state (1 cycle at 167 ( fisec^ y* is 
added to allow it to become activated. The READY line will be 
resampled during the added wait cycle. If the reariii line is not 
activated after two wait states, the watchdog tirTer will timeout, 
thus preventing the system from permanently being hung. 


I/O devices that are configured to the MAD-1 are addressed via 
the I/O mapped address spaces. 


Parity errors from the memory expansion cards are reported by the 
channel check line, which is connected to the NMI input of the 
80186 p roc essor ♦ 


The I/O channel 
descriptions are 


diagram an 
shown in Figure 



in assignments 
and Tab 1 e /U?-2.) 


with 


signal 
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2»4.1 I/O Channel Diagram 


Figure 2-8: I/O Channel Diagram 
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2.4.2 I/O Expansion Bus 

f~~The expansion bus refers to that portion of the I/O channel bus 
that is extended beyond th<-^-IBI1 I/O Channel Bus* As shown in the 
I/O Channel Diagram (Figure2T-8T/~the~ expansion bus contains 22 
lines consisting of the following: 


iist^ii 


o 


ij 


o 

o 


Eight ,J ffata j^nes f or B at a Efit s RO& thru D15 . , J/\jnp0O l 

Two Lines tor tfialrt^Fen signals 2 ) • 


Four 

Eight 


f ov 

^ iglrt 

reserved 1 ines 
l ines for Power 


andyGround 


signal s 


2*4*3 I/O Channel Signal Description 

£The MAD-1 I/O f^hannel is an 86-pin connector numbered A01 
through A42 and B01 through B42* The first 31 lines on both sides 
of the connector are fully compatible with the IBM PC I/O channel 
bus* Table 2-2 lists all the pin assignments and their functions 
by pin number: 


Table 2-2: I/O Channel Signals 


PIN t* SIGNAL DIR. 


DESCRIPTION 


A01 -I/O CH CK 


A02 +D7 - +D0 

Thru. 

AO? 


0 Channel Check: Active low signal that 

indicates parity error in memory or 
devices in the I/O channel * 

I/O B/#^J^rs 7-0: Acti ve high signals* 
Low eight bits of the 16 -bit data bus 
used to transfer data between the 80186 
processor/ memory/ and I/O* 


A10 +1/0 CH RDY I I/O Channel Ready: Active high signal 

indicating readiness of the bus* It is 
pulled low to increase the memory cycle 
for slow devices attached to the I/O 
channel to operate properly* 

Slow device should drive this signal low 
immediately upon detecting valid address 
and a read or write command. This line 
should never be held low longer than 10 
clock cycles. 

continued 
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Table 2-2 continued: 

PIN ** SIGNAL DIR. DESCRIPTION 


All +AEN 


A12 +A19 — +AO 

Thru 

A31 



A33 RESERVED 


0 Address Enable: Active high signal used 
to de-gate processor or other attached 
device from the I/O channel to allow DMA 
transfer to take place. When +AEN is high 
the DMA controller has control of the 
address bus, data bus, read or write and 
command lines for both memory and I/O. 


0 


I 


Address Bits 19-0: 

1 ines are used by the 
address main memory 
of direct memory acce 

Used for the optional 


These 20-bit address 
processor or I/O to 
with up to 1M byte 

SS f 



R e s e r 


A34 RESERVED 


Reserved for future? use. 


A35 

Thru 

A42 


+DS - +D15 I/O D/$^ JB^Ts 8 - 15: Active high signals. 

High order eight bits of the 16-bit data 
bus used to transfer data between the 
80186 processor, memory, and I/O. 


B01 GND 


Ground 


B02 


B03 
B04 

signal used by an attached device to 
request attention from the processor. 

The MAD-1 carries IRQ2, IRQ3, and IRQ5 on 
the bus for use by the expansion card. 
IR’QO , IRQ1 , IRG4, IRQ6, and IRG7 are 
assigned to the system clock tick, key- 
board, primary serial port, floppy disk 
controller, and printer or secondary 
serial port, respectively. 


+RESET DRV 



0 Reset Drive: Active high signal used to 
reset or initialize system hardware logic 
during power-up. This synchronizes the 
operation with the falling edge of the 
s vs tern clock. 



+ 5 ( Vdc? 


Interrupt Request Line 2: An active high 


Technical Reference Manual 840707:20.07 


2-32 


MAD COMPUTER 


CENTRAL PROCESSING UNIT 


Table 2-2 continued; 

PIN ** SIGNAL DIR 

BOS 
BO* 



B07 

BOS 



BO? 

+ 12/ UDC J 


BIO 

GND^" ^ 


Bll 

-MEMW 

0 

B12 

-MEMR 

0 

B13 

-IOW 

0 

B14 

-I OR 

0 


DESCRIPTION 


-5 

DMA Request Line 2; Active high signal . 
One of the four asynchronous channel re- 
quests used by the peripheral devices to 
gain DMA access* 

-12 




Card Select ; Active high signal driven 
by an open collector device and used to 
signal the CPU board that the expansion 
card has been selected* The appropriate 
drivers on the CPU board must read from, 
or write to expansion slot J8* Connectors 
Jl-JS are tied together at this pin,* how- 
ever,* it is used only for JS* 

+12jUDc7^y 

Ground 

Memory Write Command; Active low signal 
driven by processor or I/O to instruct 
the memory to store data present on the 
data bus ♦ 

Memory Read Command; Active low signal 
driven by the processor or the I/O to 
instruct memory to drive data onto the 
data bus* 

I/O Write Command; Active low signal 
driven by processor or DMA instructing 
the selected I/O device to read the data 
present on the data bus* 

I/O Read Command; Active low signal driven 
by the processor or the DMA* instructing 
the selected I/O device to write its data 
onto the data bus. 
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Tab 1 e 

2-2 continued: 



PIN ** 

SIGNAL 

DIR. 

DESCRIPTION 

B15 

-DACK3 

0 

DMA Acknowledge line 3; Active low signal 
-DACK3 is one of the four 1 ines used to 
acknowledge DMA request. 

B16 

+DRQ3 

0 

DMA Request Line 3; Active high signal 

functioning as an asynchronous channel 


request used by peripheral devices to 
gain DMA access* 

B:L 7 -DACK1 0 DMA Acknowledge line 1; Active low signal. 

-DACK1 is one of the four 1 ines used to 
acknowledge DMA request. 

B18 +DRQ.1 I DMA Request Line 1; Active high signal ♦ 

+DRQ1 is one of four asynchronous channel 
requests used by peripheral devices to 
gain DMA access. 

DMA Acknowledge line 0; Active low signal. 
This is one of the four lines used to 
acknowledge DMA requests. This signal is 
also used in memory refresh operations. 

System Clock; ' Divider by -two ' output of 
the 12 MHz— psci 1 1 ator/(6MHz> with a period 
of 167 (nse c^and a duty cycle of 50%. 
ReservecPTor future use. 


B22 

RESERVED 


Reserved for future use. 


B23 

+ IRQ5 

I 

Interrupt Request Line 5; 

Active high 


signal ♦ One of eight interrupt request 
1 ines used to signal the processor that 
an attached I/O device on the expansion 
bus requires attention. 

The MAD - 1 carries IRQ2, IRQ3, and J.RQ5 on 
the bus for use by the expansion bus. 
IRGO, IRG1 / IRG4, , IRQ6/ and IRQ7 are 
assigned to the system clock tick/ key- 
board/ primary serial port/ floppy disk 
controller/ and printer or secondary 
serial port/ respectively. 
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Table 2-2 continued; 

PIN ** SIGNAL DIR. DESCRIPTION 


B24 RESERVED 


Reserved for future use. 


B25 + .IRQ3 


B26 -DACK2 

B27 +TC 

B23 +ALE 


B29 


+5 



B30 +0SC 


B31 

GND 

B32 

J9-1 

B33 

-LAHE 

B34 

RESERVED 

B34 

RESERVED 

B3* 

+5 sfnd\ 

B37 

+5 (VDC ) 

B33 

t-5 \VDC/ 

B39 

GND^"^ 

B40 

GND 

B41 

GND 

B42 

GND 


I Interrupt Request Line 3; Active high 
signal ♦ One of eight interrupt request 
lines used to signal the processor that 
an attached I/O device on the expansion 
bus requires attention. 

The MAD- 3. carries IRQ3 on the bus for use 
by an expansion card. 

0 DMA Acknowledge line 2; Active low signal. 
-DACK2 is one of the four 1 ines used to 
acknowledge DMA request. 

0 Terminal Count; Active high signal used 
to indicate that the terminal count for 
any DMA channel is reached. 


0 


Address Latch Enable; Active high signal 
provided isy the Intel 3233 bus controller 
chip to latch valid addresses from the 
processor . 


For I/O channels., combinations of ALE and 
AEN indicate a "va 1 id/Fvocessor Address" ♦ 


+5 




upply voltage. 


0 Oscillator; Active high clock signal with 
a 14.31313 MHz frequency and 50% duty 
eye 1 e. 


Ground 

0 Latched Address High Enable 
Reserved for future use. 
ResepV^-d for future use. 
+5/VDC \ 

+5( VDC 

+5\^DC J 

Ground 

Ground 

Ground 

Ground 
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.2...5_DIRECT_MEM0RY_ACCESS_(DMA) 

t The DMA capability is provided on the MAD-1 to allow access by 
igh -speed communication with peripherals attached to the 
system. DMA enhances system throughput by handling data 
transfers between main memory and the peripheral devices without 
intervention from the 80186 microprocessor . 

This feature utilizes the Intel 8237A-5 DMA controller with four 
channels (CHO -• CH3) operating with 4.0 MHz clock, and these four 
channels are used for the following functions; 


CHO Memory refresh operation 
CH:L Available on the I/O channel 
CI-12 Assigned to floppy disk controller 
CH3 Available on the I/O channel (normally assigned 
to the hard disk) 

In the normal operation of the 8237 controller, a 16-bit memory 
address is used. However, since the MAD-1 I/O operation uses a 
20-bit address for memory operations, additional circuitry is 
provided for the extra four bits. This additional circuitry 
includes four DMA page registers used to handle the upper four 
bits of the 20 -bit I/O address. 


2.5.1 DMA Registers 


f The Intel 8237 DMA 
addresses X ' 000 ' th ru 
DMA operation. The 
these 16 registers; 


controller provides 16 register's, with 
X'OOF ', that are used for programming the 
following list explains tke — b r e a k d o w n — 


o Eight 16-bit Read/Write registers (two register for each 
DMA channel) used for base and current addresses during 
read operation. 

o One 8 -bit Command Register, 
o One 8-bit Status Register, 
o One 8-bit Mark Set/Reset Register, 
o One 8-bit Mode Register, 
o One 8-bit Clear Byte Pointer Register, 
o One 8-bit Temporary Register, 
o One 8 -bit Clear Mask Register, 
o One 8-bit Write All Mask Register. 

In addition to these 16 registers, the MAD-1 circuitry provides a 
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group of four 4-bit DI1A page registers used to assist the 8237 
controller with the 20-bit I/O address. 


2.5.2 DMA Programming Considerations 

|DMA Base & Current Address Registers: There are a total of eight 
to -bit registers that are used to address the lower order 16 bits 
of the I/O memory address during a read operation. Two registers 
are assigned to each DMA channel and addressed as fol lows: 


o 

X'000' 

and 

o 

X ' 002 ' 

and 

o 

X ' 004 ' 

and 

o 

X ' 006 ' 

and 


X'001' for DMA 
X ' 003 ' for DMA 
X ' 005 ' for DMA 
X ' 007' for DMA 


Channel 0 <CH0> 
Channel 1 (CHI) 
Channel 2 ( CH2 ) 
Channel 3 ( CH3 ) 
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DMA Command Register: This 8-bit register is used as both a DMA 
command register and a DMA status register* As a command 
register, it is used by the programmer to write the command 
information into the register with I/O address X'008', as shown 
be 1 ow : 


76 5 43210 


- + - - + 


j ! ! ! ! ! ! + > Memory Disable 

j | j ’ | ! | 0 - Disabled 

!!!!!!! 1 = Enabled 

j • j ! | ! Address Hold Reg. 

;;;!!! 1 = Enabled 

■ : ! | ! + > Controller 

! ; ! 1 i 0 ~ Enabled 

! j j ! ! 1 -• Disabled 

j ! ! ! + > Timing 

III! 0 = Normal 

! ! ! ! 1 = Compare 

! ! 1 •+• > Priority 

| i i 0 = Fixed 

! | j 1 - Rotating 

! ! + > Write Select 

! ! 0 “ Late 

j ! 1 = Extended 

1 > DREG 

! 0 * DMA Request Low 

j 1 - DMA Request High 

+ > DACK 

0 ~ DMA Acknowledge Low 

1 = DMA Acknowledge High 
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DMA Status Register: The status register is physically the sane 
register as the control register/ described on the previous page/ 
but is used to read the status command* The format and status 
bits are shown in the f o 1 1 owing / igure: 


7 6 543210 


X'008' 


! | | 1 ! 1 ! + > Channel 0 T/C 

! ! | ! ! ! + > Channel 1 T/C 

1 ! ! 1 ! •+• > Channel 2 T/C 

! 1 ! ! + > Channel 3 T/C 

I 1 ! -+• > Channel O DREQ 

1 ! •(- > Channel 1 DREQ 

! + > Channel 2 DREQ 

+---> Channel 3 DREQ 

DMA Request Register; 



7 6 5 4 3 2 1 0 

1 x 1 x ! x 1 x ! x ! ! ! 

x'oo?' : i : : : \ : 

- + - — + - - 


i i 

; + > 00 - Channel 0 

; 01 = Channel 1 

! 10 ~ Channel 2 

! 11 = Channel 3 

+ > DMA Request 

0 - Reset 

1 = Set 
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DMA Mask SET/RESET Register; 


X'OOA' 


7 6 5 4 3 2 1 0 



“* 4 * "* “* 4 * 


i i 

i i 

i i 

! + > 00 = Channel 0 

! 01 = Channel 1 

! 10 = Channel 2 

! 11 = Channel 3 

+ > Mask 

0 ,= Reset 

1 = Set 


DMA Mode Register; 


765432 1 0 


I 

I 

X ' 00B ' ! 


I I I I I 

! ! ! ! + > 00 = Channel 0 

! ! i ! 01 35 Channel 1 

j { ! ! 10 = Channel 2 

1 1 ! 1 11 = Channel 3 

! ! 1 + > 00 = Verify 

1 ! 1 01 = Write 

i 1 ! 10 == Read 

! ! ! 11 - 111 ega 1 

■ j + > Auto Initiate 

j ! 1 - Enato 1 ed 

! + > Address Inc/Dec 

! 0 = Increment 

! 1 = Decrement 

+ > 00 = Demand 

01 = Single 

10 = Block 

11 = Cascade 
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DMA Byte Pointer Register; This is a Write Only flip-flop used to 

c 1 ear the byte pointer bits. 

’ i 

765432 1 0 

I I I l I I I I I 

l I I I I I I I I 

A vvL i i i i _ i ^ i ^ i i i 

DMA Temporary Register; This is a Read Only 8-bit register used 
during a Memory -to -Memory transfer to hold one byte of data. 

7 6 543210 

l l I I l I I I l 

l l I l l l I I I 

X ' 00D ' !!!!!!!!! 


DMA Clear Mask Register; This is a Write Only register used to 
clear the mask bits. 


7 6 5 4 3 2 1 0 


x'ooe' : ; ! : : \ i : i 

DMA Write All Mask Register; This is a Write Only register used 

to clear all the mask bits. 


7 6 543210 


X ' OOF ' 
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2.6„INTERRyPT„C0NTR0L j 

^Interrupt Control on the MAD- 1 j\ Workstation consists of two 
classes of interrupts* The first class contains the Non-Maskable 
Interrupt (NMI) which is triggered by the occurence of a memory 
parity error or channel error* The second class contains eight 
levels of maskable interrupts, 0 thru 7, which are provided by 
the Intel 8259A Programmable Interrupt Controller (PIC) chip* 


2*6*1 Non-Maskable Interrupt 

[~The NMI logic is provided by the 80186 microprocessor, and is 
used to indicate parity error in main memory or in the I/O 
Channel * 0 

1 ^ 

There are two jumpers provided bn the MAD- 1 a Workstation <W-6 and 
W-9 on CPU board) to enable/disable NMI via hardware* The NMI 
can be enabled/disabled under program control by writing X'80' 
(enable) and X'00' (disable) to I/O address X'OAx'* During the 
power-up sequence, the NMI interrupt is masked off regardless of 
the bit settings in the NMI register* The format of NMI register 
is shown below; NMI Register; 


6 




0 


X'OAx' 


+ ---> 0= Disable NMI 
1= Enable NMI 


f f h e r ema i n i ng class 
Workstation contains ei 


2*6.2 Interrupt Level 0 Through 7 

>s of control interrupts in the MAD-lJ^ 50 ^^ 
‘ight levels of interrupts, INTO-7* These' 
eight lines are provided by the Intel 8259A PIC chip, where level 
INTO has the highest priority and level INT7 has the 1 owest 
priority. The interrupt requests (IRQ0-7) are queued by priority 
and automatically transfer control of the program to a designated 
routine. The interrupt request and interrupt vector are sent to 
the processor giving the location of the routine to process the 
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interrupt vector. In the event that there is wore than one 
device requesting an interrupt/ the interrupt requests are queued 
in the order of priority listed below; 

IRQO = System Clock Tick 
IRG1 - Keyboard 
IRQ2 = Expansion Bus 
IRQ3 = Expansion Bus 
IRQ4 = Primary Serial Port 

IRQ5 = Expansion Bus (Optional Fixed Disk) 

IRQ* = Floppy Disk Controller 

IRQ7 = Printer or Secondary Serial Port 


2.*.2.1 Initialization Command Word 

The interrupt controller provides four . 8 -bit Initialization 
Command Word (ICW) Registers which are used in programming the 
8259A PIC chip. The ICW registers are addressable by the program 
as I/O addresses X'020' and X'021'. The I/O address and format of 
the ICW registers are shown below; 

Initialization Command Wordl (ICWl); 


7*543210 

x ' 020 ' TT ~7 7" 7 y 

I I I I I 

J i I I I 

. f ~-f ~ ~ + ~ 

I II I 

I II I 

I II I 

! ! ! + ---> 0- W/0 ICW4 

! 1 ! 1 = With ICW4 

! ! + > 0-8 byte interval 

i ! 1= 4 byte interval 

! + > 0- Edge Sense 

! 1 ~ L eve 1 Sense 

+ > 00 = Interrupt Address Bits A5-A7 
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Initai 1 ization Command Word2 (ICW2)s 


7 


3 


2 


0 


X ' 021 ' 


!T7 ST 6 !T5 ! T4 ! T3 1A.10IA9 i Afi ! 


+ > 


+ > Interrupt: Address 

Bits A8-A10 

Interrupt Vector Address 
Bits T3-T7 


Initialization Command Ulord3 (ICW3)s 


7 


0 


X' 022' 


0 


0 


0 


0 


0 


0 


0 


I1AD-1 does not support Slave PICs 


Initialization Command Word4 (ICW4): 


5 


0 


X ' 023 ' 


! 0 ! 0 ! 0 ! 




I 
I 

+ > 0= Normal 

1 = Auto 

+ > 0= Not Buffered 

1= Buffered 
•-> 0= : Nested Ful 1 
1= Not Ful 1 
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2. 6 .2 *2 Operation Connand Word 

In addition to the four ICW registers > there are three Operation 
Command Word (OCW) registers containing the operation control 
words issued after initialization. The I/O address and format of 
each OCW register are shown below; 

Operation Command Wordl <0CU1): This register is used as an 
interrupt mask register. 


76543210 


X' 021 ' ! ! ! ! I ! ! ! I 

I I I I I I I I I 

I I I I I I I I I 

~ 4 -~ ~ 4 -~ ~ 4 -~ ~ 4 * ~ -4 - - 4 - *— 4 * — 

i i t i i i i i 

i i i i i i i i 

i t i i i i i i 

i i i i i i i i 

! i ! ! ! ! ! + > Mask Bit for INTO 

I I I I I I I 0 * Reset Mask 

I ! ! ! I ! i 1 = Set Mask 

! ! ! I ! ! +---> Mask Bit for INTI; 

I I I I I I 0 ■■ Reset Mask 

I I I I I I 1 = Set Mask 

! ! ! ! ! )- > Mask Bit for INT2; 

: : : i : 0 a Reset Mask 

! ! ! 5 ! 1 » Set Mask 

! ! : ! +---> Mask Bit for INT3; 

! I ! ! 0 - Reset Mask 

I I ! : 1 = Set Mask 

! ! ! + > Mask Bit for INT4; 

I i ! 0 ~ Reset Mask 

III 1 -- Set Mask 

I I + > Mask Bit for INT5; 

I I 0 = Reset Mask 

I I 1 a Set Mask 

I + > Mask Bit for INT6; 

I 0 » Reset Mask 

I 1 Set Mask 

+ ---> Mask Bit for INT7; 

0 * Reset Mask 

1 = Set Mask 
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Operation Command Word2 (0CW2): This register is used for the end 
of an interrupt command and priority rotate. 


7 


6 


5 


3 


2 


0 


X' 020' 


0 


0 


0 


Operation Command Word3 <QCW3>: 


X ' 021 ' 


0 


0 


+ — 


> 000 
001 
010 
Oil 
100 
101 
110 
111 


INTO 
INTI 
INT2 
INT3 
INT4 
I NTS 
INT6 
INT7 


7 


6 




3 


2 


0 




- + • 


+ . 


->• > 10= IRR 

11= ISR 

+ > 1= Pol I Enabled 

•> 10= Reset 

1.1= Set Special Mask 
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2i 


6.3 


Interrupt: Programming Consideration 


£l/0 addresses/ X'20' and X'21'/ are used for programming INTO 
through INT7, as shown on the previous pages. Each level/ as 
indicated in the following jFab 1 e / is controlled by the program 
and may be enabled or disabled by the mask bit under program 
control. The Non-Maskable Interrupt (NNI) is enablecAat all times 
except during power up. However/ NIII's may be* enabled or 
disabled by the program/ providing that jumper W-6 is installed. 
If the jumper is installed/ the NNI can be disabled by writing 
X'OO' to I/O location X'OAx'; and enabled by writing X'80' to I/O 
address X'OAx'. 


Interrupt 

Device 

I/O 

Pr ior ity 

Assignment 

Address 

m s: =: =: 

~ z: s: n =: z: z: s: z: vz. r. t . zz zz n: s: .“4 z: =: z: =: z: z: z: z: z: z: z: z: z: =: zr. 

s:s:s:r:n:s:s:s:s: 

NMI 

Memory Parity Error 

X'OAx' 

INTO 

System Clock Tick 

X' 20-21 

INTI 

Keyboard 

X' 20-21 

I NT 2 

Expansion Bus 

X' 20-21 

I NTS 

Expansion Bus 

X' 20-21 

INT4 

Primary Serial Port- 

X' 20-21 

I NTS 

Expansion Bus (Optional Fixed Disk) 

X' 20-21 

I NT 6 

F 1 op p y D i sk Contr 0 1 1 er 

X' 20-21 

I NT 7 

Printer or Secondary Serial Port 

X' 20-21 


Technical Reference Manual 840707:20.07 


2-47 



HAD COMPUTER 


CENTRAL PROCESSING UNIT 


2iZ_Ifc!IERyAL_.TI!1ER_.CHANNELS 

(jlhe timer facility of the NAD- lx Workstation consists of three 
internal timer channels (internal to the 80186 and not cui^ently 
used) and three externa) timed interval channels (CTO, CTl, and 
CT2) using the Intel 825-4 Timer chip operating at 1*1? NHz* 

CTO is connected to INTO of the Intel Q259A-2 Interrupt Control 
chip in order to generate a clock tick* CTl is used to generate 
the baud clock for the Intel 8274 USART* CT2 is connected to the 
speaker circuitry to generate audio signals for the speaker under 
program control ♦ 


2*7*1 Programming Consideration 

The Intel 8254 Timer chip is a programmable device which allows 
each of the three timed interval channels to be programmed to a 
specific need* There are four 6 -bit registers, with I/O 
addresses of X'040' through X'043', that are used in conjunction 
with the 8254 timer chip for programming the timer channel* A 
specific control word is first written into control register (I/O 
address X'043'> to select a specified timer channel, and then 
data is written into the data register of the selected timer 
channel ♦ 

Timer Channel 0 Data Registers 


7 6 5 4 3 2 1 0 


x ' 040 ' : ; ! i 

Timer Channel 1 Data Register; 


765 4 3210 

i i i i i i i ~~ 7 

i i > i i i i i 

X ' 041 ' ::!!!!!! 


Technical Reference Manual 840707:20.07 


2-48 


HAD COMPUTER 


CENTRAL PROCESSING UNIT 


Timer Channel 2 Data Register; 


765432 1 0 

i i i i i i i ' ' 

i i i i i i i i ■ 

X' 042' ! ! ! ! ! ! ! ! ! 


Timer Channel Control Register; 


6 5 4 3 2 1 0 


X ' 043 ' 


! ! ! + > 0= Binary 

! ! ! 1 = BCD 

! ! + > 000~ Mode 0 

i ! 001== Mode 1 

! ! ♦ 

! ! 101= Mode 5 

! •+• >00= Control Latch 

! 01= R/W LSB 

! 10= R/W MSB 

! 11= R/W LSB & MSB 

+ > 00= Sel ChO 

01= Sel Chi 

10= Sel Ch2 

11= Read Back 
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2.i8_PRQGRAM!1ABLE_.PERIPHERAL. .INTERFACE 

S ie Intel 8255 Programmable Peripheral Interface (PPI) chip is 
?d for control and interfacing on the CPU board via its three 
ports. Port A, Port B, and Port C. The following paragraphs 
describe the MAD-1 PPI port connections: 


PORT A: This port is used for reading the keyboard 

scan code or the configuration switch read 
out * 

PORT B: This port is used to enable the keyboard, to 

enable parity circuitry, force floppy disk 
drive motor on, and to program the speaker 
circuitry. 


PORT C: This port is used for returning system status 

and errors, such as' memory parity error. 

Data, control, and status information are transfered to/from the 
system bus via an 8- bit buffer provided by PPI. Access to each 
individual port and its operation is described in the following 
paragraphs: 


2.8.1 PPI Port Operation 


PPI Mode Register: 


This 



register . 


X ' 063 ' 


7 6 5 4 3 2 10 



I 

t 

I 
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PPI Port A Register: This is a JKe ad register and/ depending 
on bit 7 of Port B (Enable bit)/ contains Keyboard scan code/ or 
configuration switch read out* 


X ' 060 ' 


76543210 


! Keyboard Scan Code! 


Port B 
bit7 = 0 


7 6 5 4 3 2 1 0 


X ' 060 ' ! I ! ! ! ! ! ! 

-f. •+• “f* “* + "* *“**+*“* 


I ! ! ! + > 0= Boot f rom HDD 

! i ! ! 1= Boot from FDD 

! ! ! + > Not Used 

! ! -}• > 00= 123K Memory 

! ! 01= 256K Memory 

! ! 10= 384K Memory 

I + >00= No Monitor 

! 01= Color Display 80 x 25 

! 10= Color Display 40 x 25 

! 11= Mon i tor D i sp 1 ay 

+ > 00= One Floppy Disk Drive Installed 

01= Two Floppy Disk Drive Installed 
10= Three Floppy Disk Drive Installed 
11= Four Floppy Disk Drive Installed 


Port E< 
bit7 = 1 
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PPI Port B 


Register ^^1 



( ,'5 aJ re&A< 


7 6 5432 10 


\ vuhtf 
h Hvs lint? 

I : fh mcors'-'ch 


X ' 061 ' 


- + - 


+ 


+---> CTC Ch2 Gate 
Speaker 

+• > Speaker Data 

+ > 0= FDD Motor ON 

1» FDD Motor OFF 

•+• > o= RAN Parity Enabled 

1= RAN Parity Disabled 
> 0= I/O parity Enabled 
1= I/O parity Diabled 
Keyboard^C 1 oc k H i gh 
K e y b o a r d Clock L o w 
> 0= Read Scan Code 

1= Read Confiq* Switch 


+ — 

•> 0 = 
1 = 


PPI Port C Register: This is a y register* 



7 


4 


X ' 062 ‘ 


* ~ - -J. - ~ ~f- “ —->**** "*•*>• 




> 0= Standard Floppy 

1= Mini Floppy 

+ ---> 0 = 

:l . - Reset.. FI oppy 
+ > 0~ C 1 odk/C 1 andaV; Busy 

— > o* * :L= 0-^ — -^CalejnaOt 

1= Speaker Clock Out 

+ > 0“ Keyboara Clock low 

1= Keyboard Clock High 

+ > 0- No RAN Parity Error Detected 

1 - RAN Parity Error Detected 


ikhcJ h 



- j~o £),*§. 2. / b / 0 T (20 


b 




d 7 - 



audu'd 
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2i.?_.SERIAL_C0mUNICATI0N_INTERFACE 


Q 1 * 

three 


MAD-1 p 
ser i a 1 


rovides two serial communication 
c ommun i c: at i on i nter f ac es : 


ports supporting 


1 . 


Primary Serial Communication <COM 0) 

This is an asynchronous serial communication 
utilizing the Intel 3250 programmable UART with 
RS-232C protocol . 



2 . 


3 , 


Secondary Serial Communication (COM L) 

To operate COM 1 serial channel / the serial 
port address is sent out on the I/O bus for an 
m'l or an IBM compatible Serial Communication 
Expansion board. ' 


Tertisu?y Serial Communication (COM 2H 

The Eertiary serial channel is a high speed 
mul ti -protocol serial channel which supports 
synchronous. IBM BSC/ SI) I.,C f and HI)LC protocols. 
Tertiary serial communication utilizes the Intel 
multiprotocol 8274 programmable LJSART c: h i p / and 
provides either RS-232C or RS-422 interface. 



The MAD-1 is equipped with a programmabl e baud rate generator 
that facilitates operation with a desired baud rate ranging from 
50 baud to 9600 baud. The interface logic for the primary and 
tertiary serial communication interfaces are located on the CPU 
board in the computing module. 1/0 signals for the primary and 
tertiary interfaces are made available at the 25-pin D type 
connectors J15 and J14, respectively/ located on the rear panel 
of the computing module (shown in Figure 2-9). 


whtf happened -ft> a.*?./ Vri'ai 
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2*9*2 Primary Serial Communication/ UART 

| The primary interface is a ful ly programriab I e asynchronous 
communication interface that is capable of adding/de 1 eting start 
bit, stop bit(s)/ and the parity bit to/from characters for 
transmission* It features a programmable baud rate generator 
that supports variable baud rate operations ranging from 50 to 
9600 baud* Primary interface logic is controlled by an Intel 
8250 programmable UART which supports: 


o Five/ six/ seven/ or eight bit characters with 1 start 
bit/ and 1/ 1-1/2/ or 2 stop .bits* 
o Fully prioritized interrupts: 

- Transmit Interrupt 

- Receive Interrupt 

- Error Interrupt 

- Line Status Interrupt 

- Data Set Interrupt 

o Diagnostic capability which provides loopback functions 
of transmit/receive and input/output signals* 

|,o Full double buffering which eliminates the need for precise 
sync h r on i za t ion* 

o Independent receiver clock input* 
o Modem control functions: 

- CTS, Clear To Send 

- RTS/ Request To Send 

- DSR / Data Set Ready 

~ DTR/ Data Terminal Ready 

- RI/Ring Indicator 

- Carrier Detect 

o False -start bit detection* 
o Line -break generation and detection* 


DO D1 D2 D3 D4 D5 D6 D7 


Transni i t 

1 Start ! : : 

! i ! ! ! (frit kjJ 

Stop ! 

Data 

! Bit ! ! 

! ! ! ! ! ! Bit 

Bit ! 

Marking 

1 III 

1 1 ^ » 1 -ti< ^ ^ 

1 1 1 1 1 | ] 



Data Transfer Format Diagram 
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Actual copmunicati on protocol for "the 'primary'' seria L-interjf aoe^isS- 
controlled toy co mpmnication software. The software is operated N 
toy sy stepi f /Trpjware wh i c h "is 1 gjajled p r i or to-^ any serial interface y 
operational; Atol ock diagram of the pripiary communication channel 
using an Intel ©250 programmato 1 e UART is shown in Figure 2-10. 



Asynchronous Communication Interface 
Block Diagram 


Figure 2-10; Primary Communication Block Diagrapi 



if 





j i . 




/ 


/ 
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2.9.2. 1 Intel 8250 I/O Description 

The following table describes the logical state and function of 
the signals assigned to the 8250 I/O pins: 


Table 2-5: 8250 I/O Pin Description 


SIGNAL NAME 

PIN NO. 

DIR 

» 

i 

DESCRIPTION ! 

+D7 - DO 

1 -8 

I/O 

Data bus bit 7 through bit 0 are used ! 

for bidirectional data transfer. ! 

1 

+RCLK 

9 

I 

Receiver Clock is 16 tines the baud rate . ! 

clock for the receiver section of the chip.! 

+SIN 

10 

I 

1 

This pin is assigned to serial input ! 

data from the communication link. ! 

i 

+S0UT 

11 

0 

l 

Composite Serial Output to communication ! 

link. Set to marking (logical 1) state ! 

upon master reset operation. ! 

1 

+CS0 

12 

I 

1 

When Chip Select 0 and 1 are high and Chip ! 

+CS1 

13 

I 

Select 2 is low, the chip is sele(jyt:pd, ! 

-CS2 

14 

x 

Chip select signals CSO - CS2 are latched I 
with the address strobe (-ADS). When chip ! 
is selected/ communication between the ! 
processor and the 8250 is enabled. ! 

-BAUDOIJT 

15 

0 

1 

BAUDOIJT is 16 times the clock signal used ! 

for transmitter section of the 8250. Clock ! 

rate equal to main reference oscillator ! 

frequency divided by thf* specified divisor ! 

in the baud generator devisor latches. ! 

1 

+XTAL1 

! 16 

I/O 

1 

External Clock Input/Output used to ! 

+XTAL2 

17 

I/O 

connect the crystal oscil 1 ator to the 8250. I 

1 

-DOSTR 

18 

I 

1 

When -DOSTR is low or +D0STR is high (while! 

+D0STR 

1 19 

! I 

! 

chip is selected)/ the processor is allowed! 
to write data or control information into a! 

! selected register of the 8250 chip. ! 

Note: Only a high +D0STR or a low -DOSTR ! 

! is required to allow data transfer ! 

from the 8250 during a write. ! 

! Continued ! 
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Table 2-5 continued: 


SIGNAL NAME 

PIN NO* 

DIR 

DE 

— — ... — — — ... ... — — — 

SCRIPT I ON : 

OSS 

20 


GND (0 Xmc>) refer 

ence ♦ ! 

» 

-DISTR 

21 

I 

When -DISTR is 1 ow or +DISTR is high < while! 

+DISTR 

22 

I 

chip is selected) 

z the processor is allowed! 




to read status or 

data information from the! 




registers of the 

selected chip* ! 




Note: Only a high +DISTR or a low -DISTR ! 




is required to allow data transfer ! 




from the 8250 during a read* ! 

1 

+DDIS 

23 

0 

Driver Disable; u 

sed to disable external ! 




tran s^e i v e r except 

jduring a processor read* I 

+CSOUT 

24 

0 

Cs 

Chip S e 1 e c t 0 u t . 

when high/ indicates that ! 




the chip has been 

selected by active +CS0/ ! 




+CS1, and -CS2 inputs* No data transfer ! 




c a n b e i n i t i a ted 

until the CSQUT signal is ! 




active high* 


-ADS 

25 

I 

W In e n t his si g n a 1 

is low/ it allows CS0-CS2 ! 




and AO - A2 signals to be latched* ! 

1 

+A0 

26 

I 

These three high 

active input signals are ! 

■f-A.'l 

27 

I 

used during a read or write operation to ! 

+A2 

28 

I 

select one of the 

8250 registers: 




DL.AB A 2 A1 AO 

REGISTER 




z: a z: z: z: z: z: z: z: z: r. z: z; 

z: ::: z: z: z; z: z: z: ss z: z: z: ::: z;z:z:z:z:z:z:z;z;z: 




0 0 0 0 

Rec Buf f /Xm i t h o 1 d i ng 




0 0 0 1 

Input enable 




x 0 10 

Interrupt ID (Read only) 




x Oil 

Line Control 




x 10 0 

Modem Contra 1 




x 1 0 1 

Line status 




x 110 

Modem Status 




0 111 

None 




1 0 0 0 

Divisor Latch (LSB) 




1 0 0 1 

Divisor Latch (MSB) 

+INTRPT 

30 

I/O 

I nterrup t s i gna 1 

is used to indi ^/\"e that 



1 

i 

either a receive 

error flag/ received data/ 




available^ transmitter holding register ! 



! 

1 

empty/ or modem s 

tatus interrupt is active* 




INTRPT is set 1 o>. 

u p o n m a s t e r reset* 





Con t i mi ed 
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Table 2 

! SIGNAL 
I -0UT2 

! -RTS 

-DTR 

! -OUT! 

: -CTS 

: -DSR 


Technic a 


5 continued! 


NAME 


PIN NO. 


31 


32 


33 


37 


DIR 


0 


0 


0 



DESCRIPTION 

Output 2 is user -designated and can be set 
to an active state by setting modem control 
register, bit 3, to ''1" ♦ 

Request To Send informs the modem, or data 
set, that the 8250 is ready to transmit 
data. RTS output signal can be set to 
active state by setting modem control reg., 
bit 1, to "1”. -RTS signal is set high 
upon a master reset. 

Data Terminal Ready, when low, informs the 
modem or data set that the 8250 is ready 
to communicate. The DTR output signal can 
be set to an active low by software setting 
bit 0 of the modem control register to a 
high level. The -DTR signal is set high 
upon a master reset operation. 

Output 1 is user -designated and can be set 
^active state by setting modem control 
bit2, to "1“ under program control . 

Clear To Send is a modem control .input sig- 
nal tested when the processor reads bit 4 
(CTS) of the modem control register. NEW 
CTS, (bit 0), indicates whether CTS input 
has changed state since the previous read- 
ing of the modem status register. 


Data Set Ready signal, when low, indicates 
the modem or data set is ready to establish 
a communiation 1 ink/data transf er with 8250 
DSR .i s a modem control input signal tested 
.CPU reads bit 5 of the modem stat- 
CTS (bit 1) indicates whether 
nput has changed since the last 
ling of the modem status register. 

Continued 




0 
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Table 2-5 continued; 



SIGNAL NAME 


•RLSD 


PIN NO. 


DESCRIPTION 


Receiver Line Signal Detect signal , when 
low, indicates that data carrier had been 
detected by the modem or data set. The 
! L -RLSD is a modem-control function input 
! \ \ '(v) s igna l whose condition can be tested by 
hry'- Pthe CPU via (radino/fch-e^bit 7 of the modem 

! status r e g .i sVr^w^flE W RLSD (bit 3) indicates 
whether the RLSD has changed since the last 
reading of the modem status register. 


Ring Indicator, when low indicates that a 
telephone ringing signal has been received 
by the modem or data set. The RI signal is 
a modem -control input whose logical 
condition can be read by the host CPU by 
reading bit 6 of the modem status register. 
Signal NEW RI (bit 4) of the modem status 
register indicates whether the state of 
the RI signal has changed since the last 
reading of the modem status register. 

+5 (Ode- supp 1 y 
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\ 


2*9*2*2 Primary Interface f Baud Generator 


The Intel 3250 IJART contains its 
for the primary channel » The 
selected under program control 
divisor value/ ranging from "1" 


own 1*3432 MHz clock and is used 
baud rate for this channel is 
by setting the appropriate clock 
to "65535“/ into the divisor 


.latches* The output frequency of the baud generator is 16 X baud 
rate resulting from the division* The divisor value is two 8 -bit 
bytes that are loaded into the divisor Jk^tch (LSB) in I/O address 
X'3F3'and divisor latch (USB) in I/O addresses X'3F9* These 
values must be loaded during the initialization prior to any 
serial communication operation* To prevent a long count/ the 
16-bit baud counter is immediately loaded and begins counting 
upon loading any of the divisor latches* Since the I/O addresses 
and X' 3F9 ' are shared registers/ and they are also used as 
TX/RX v*and interrupt enable registers* to u.sed them as a LSB and 
the divisor latches* the bit 7 CDLAB/ Divisor Latch 
Bit) of the control register must be set to ”1"* 

to obtain a desired baud rate 
the percentage of error using 


MSB / of 
ress 



The different divisor values used 
are listed in Table 2-6 along with 
a clock frequency of 1*3432 MHz; 




Table 2-6; Divisor Values 



BAUD RATE 

DIVISOR 
( Hex ) 

VALUE 
(Dec ) 

7. ERROR 

s: s; m ^ r =: r =: s ~ 

u: =:=:=:=: s: =: r: n; 



50 

900 

2304 

- 

73 

600 

1536 

- 

110 

417 

1047 

0.026 

134*5 

359 

357 

0 . 058 

150 

300 

763 


300 

180 

334 

- 

600 

OCO 

192 

- 

1200 

060 

96 


1800 

040 

64 

- 

2000 

03A 

58 

0 ♦ 69 

2400 

030 

43 

- 

3600 

020 

32 

- 

4800 

018 

24 ! 

- 

7200 

010 

16 

- 

9600 

OOC 

12 ! 

— 




(iir rIf „ 1Itl T 

.... 
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Divisor LSB Latches: This register is 
when DLAB = 0/ and as an LSB of the 
divisor LSB register/ it is used 
Significant Byte (bits 0 - 7) of the? 
initialization* 


time -shared as C_TX/RX J jfuffer 
divisor when DLAB = 1. As a 
for loading the Least 
divisor value during system 


76543210 


X' 3F8' 



Divisor MSB Latch: This register is time/^shared as an Interrupt 
Enable Register when DLAB = 0/ and as a MSE< of the divisor when 
DLAB = 1* As a divisor MSB register.* it is used for Ipading the 
Most Significant Byte (bits 8 - 15) of the JJi visor Jfk 1 ue during 
system initialization. 



7 6 3 A 3 

2 

1 

0 


X ' 3F9 ' 

T3irTi4'~Tl3"“Tl2'‘7lI^' 

i ! _ i ! ! 

Tio”“ 
1 1 
1 1 

1 9 ! 

i 1 

l 1 

“e~7 

i 

1 

DLAB = 1 
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2. 9*2. 3 Primary Port Interface Connector 

I 

I/O signals for the primary serial communication interface are 
brought to the J15 25-pin "D" shell connector located on the back 
of the computing module. The connection between the system and 
the external device is made via a standard serial communication 
cable (interface signals are shown in Figure 2-11). The interface 
circuitry on the CPU board converts the signals from TTL levels 
on the CPU board/ to EIA voltage level on the cable side/ and 
vice versa. The voltage level for the line should meet the line 
voltage specification described in section 2*9*6 titled Serial 
Interface Line Voltage Specification in this / JiChapter. 


****** CAUTION ****** 

To prevent ^ltaqe ^urge on the signal drivers 
circuitry/ the output signals must not be used to 
drive an inductive device/ such as relay. 
******************************* 


(Standard RS-232C Levels) 


SERIAL 

EXTERNAL 

DEVICE 


01 

02 

03 

04 

05 

06 

07 

08 

09 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 




< GROUND ) 

(DATA OUT) 

(DATA IN) 

( RTS ) 

< CTS ) 

( dsr ) 

(Si gna 1 Ground ) 

( CARR I ER DETECT > - - 

( Not Connected ) 

Connected ) 

Connected ) 

Connected ) 

Connected ) 

Connected ) 

Connected ) 

Connected) 

Connected ) 

Connected ) 

Connected ) 

(DTR) 

- ( Not Connected ) 

-(RING INDICATOR > - - 

-(Not Connec t e d ) 

- ( Not Connec ted ) 

- ( Not Connec ted ) 


> 


(Not 

(Not 

( Not 

- - ( Not 

( Not 

( Not 

( Not 

< H ot 

( Not 

(Not 


: oi 
102 
:03 
:o4 

105 

106 

107 

108 
1 09 
1 10 
1 11 
1 12 
1 13 
1 14 
1 15 
1 16 
1 17 
1 13 
1 19 
120 
121 
122 

123 

124 

125 


ASYNCHRONOUS 

COMMUNICATION 

INTERFACE 

RS-232C 


Figure 2-11; Primary Serial Interface 


( UART^ Connec tor 


J14 


Y*' 
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2 ♦ 9 . 2 . 4 Primary Interface Registers and Programming 

There are several data/ control ; and status registers to program 
the operation of the Intel •3250 UART * These registers are 
addressable by the program using the assigned I/O addresses, shown 
in the following list; 


REGISTER 


I/O ADDRESS 


7 

7 


/TX^iBUFFER (dlab=o> 
(_Rx7bUFFER < DLAB = 1 ) 

DIVISOR LATCH, LSB ( DL.AB- 1 ) 
DIVISOR LATCH , MSB <DLAB=1 ) 


INTERRUPT ENABLE REGISTER 
INTERRUPT IDENTIFICATION , 
LINE CONTROL REGISTER \ 
MODEM CONTROL REGISTER 



LINE STATUS REGISTER- 
MODEM STATUS REGISTER 



X'SFQ' 
X ' 3F8 ' 
X ' 3F ft ' 
X ' 3F9 ' 
X ' 3F9 ' 
X ' 3FA ' 
X ' 3FB ' 
X'3FC' 
X ' 3FD ' 
X ' 3FE ' 


■DC/R^t Register; This register is time-sharecl as an LSB of the 
^xdxsor JKatchss when DLAB == 1 (bit 7 of the Control Register), 

and as a /''TX^) Buf fei- (transmitter /o 1 d i ng Register) during 

transmissiory75md an ( TvX J ) Buffer Kjteceiver fluff erj^dt.y'ing receive 
when DLAB = 0. The transmitter /o \ ding Agister KTXjjSuf fer) holds 
8-bits of the dat^^that are to foe serially trafvsmitted ♦ The 
Receiver puffer ■fRx) is used for collecting the eight serially 
transm i ft ed b i ts 


7 6 5 4 3 2 1 0 

1 Transmit/Received Data ! DLAB ~ 0 

x ' 3F8 ' : i i : : : : : i 

Bit 0 is the least significant bit and is the 
first bit serially transmitted and received* 
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Interrupt Enable Register: This register is used for loading the 
most Significant Byte of the division value when DLAB ~ 1 > and as 
'an interrupt enable register when DLAB'-O. As an interrupt enable 
register, bits 0 - 3 are used to set/reset the individual interrupt - \ 
enab 1 e^'ba ts for the / ^our types of interrupts (yfodem pX atus/xfO^/ 
I TXJ^Io 1 d , and (Rx/l*ata) required for 8250 operation. Each 
bit cantpe separately set to ”0'' or "1” which enables or disables 
the corresponding interrupt. All four interrupts can be enabled 
or disabled without affecting the rest of the system. When all 
four interrupts have the enable bit set to "0''/ the interrupt 
identification register is not loaded with any interrupt 
information. 


7 6 5 4 3 2 10 

! Divisor MSB ! DLAB 3 1 

X ' 3F9 ' ! 1 I ! ! 1 ! ! ' 


X ' 3F? ‘ 


6 5 4 3 2 1 0 


0 


0 


0 



i ! ! DLAB = 0 

I l I 

^ 1 1 1 

*** *4* *** — *+* ~ 

i i > 

i i i 

i i i 

i i i 

1 ! f- > 1 ~ RX Data Enable 

1 + > 1-TX Hold Reg Enable 

+ > 1=RX Line Enable 

-> 1 --Modem Status Enable 


Interrupt Identification Register: To minimize the software 
overhead during data transfer operations, the 8250 provides the 
logic facility for prioritizing the interrupts into four levels, 
as shown below: 


INTERRUPT TYPE 


R e c e i v e r L i n e S t at us 
Receive Data Ready 
Transmitter Holding Reg. Empty 
Modem Status 


PRIORITY LEVEL 

1 (Highest Priority) 

2 

3 

4 (Lowest Priority) 


The content of the Interrupt Identification Register indicates 
that a prioritized interrupt is pending. The type of the pending 
interrupt is determined by bits^ 0, 1, and 2 of this register. 
The bit description of the /interrupt ID register and the 
interrupt controls are given in Table 2-7. 
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0 


? 


■ 7 - 


\x‘ 


X'3FA 


7 




7 6 5 4 3 2 

7“o~ ... ... _ - - •- - - -- 

I I I I I I I 

I I I • I I I .. 

**’ *** "* “h * 


+ > O -Interrupt 

Pending 

1 =No Interrupt 
Pending 

+ > Interrupt ID Bit 0/1 

00 = Moslem Status 

01 

10 =/ RX Data Available 
.11 RX ,Line Status 

Table 2-7 ; Interrupt Controls ^ p 


'"'interrupt 

ID BIT 


INTERRUPT 

INTERRUPT 

2 10 

LEVEL 

TYPE 

Source 6 Reset Control 

:s •- r := := :: :s a := 

a a := := := 

- ~ := := := := := := := := ~ := :r a a 

m s *m I** 7h in in tin m n m m m mi m m nt m m m ts n* 

0 0 1 

- 

None 

Source; None 

♦ ♦ ♦ ♦ ♦ ♦ ♦ * ♦ » ♦ 




1 1 0 

1 

l 

Receiver Line 
Status . 

Source; Overrun? Parity? 

Framing? or Break 
Error . 

Reset ; Read the Line 

Status Reg i ster ♦ 


♦ ♦ ♦ ♦ ♦ 



10 0 

2 

Rec: e i ved Data 
Aval 1 ab 1 e . 

Source; Data Available on 
Receiver * 

Reset ; Read the Receiver 
Buf f er Reg i ster * 

♦ ♦♦♦♦♦♦♦♦♦♦ 

♦ ♦ ♦ ♦ ♦ 

♦ ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

♦ ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦*♦♦♦♦ 

0 10 

3 

Transmitter 

Hoi ding Register 
Empty » 

Source; Transmitter Hold 
Reg i ster Empty ♦ 
Reset ; Read Interrupt ID 
Register ♦ Or Write 
Transmitter Hold 
Register . 

♦ ♦♦♦♦♦♦♦♦♦♦ 

♦ ♦ ♦ ♦ ♦ 



0 0 0 

4 

Modem Status 

Source; CTS? DSR? RI? ov' 
Received Line 

Signal Direct. 
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Line Control Register; This register is used by the system 
programmer to specify the format of the asynchronous data 
communication » The specified data format is stored in this 
register at I/O address X'3FB' ♦ This register can be read by the 
system programmer to check its content for use by the program* 
The format and the bit definition of this register are shown 
below; 


76543210 


X'3FB' ! ! ! ! ! ! ! !. 

- + - - + - - + - - + - - + - - + ~ 1 - 


+---) 

■ 00 ■ 

5 

Bit 

Word 

. 

01 = 

6 

Bit 

Word 


10 = 

7 

Bit 

Word 


11 * 

8 

E<it 

Word 

Stop 

Bit; 





: • ! ! : 0 = One Bit 

; | | j | 1 = More than One Bit 

! j i ! + > 0 - Parity Bit Disabled 

j j ! ! 1 = Parity Bit Enabled 

! I ! + > 0 " Odd Parity 

I ! I 1 = Even Parity 

! 1 + > 1 - Include Parity Bit in each byte 

! +---> SOUT; 

! 0 - Disabled 

! 1 = Low 

+ > 1 = Data Latch Enabled 


Technical Reference Manual 840707:20*07 


2-68 


MAD COMPUTER 


CENTRAL PROCESSING UNIT 


Modem Control Register; This register is used by the system 
programmer to control the operation of modems/ or devices 
emulating moder€^ The content of this register, depending on its 
Slotting in I/O address X'3FC', will force the modem signals to a 
specified state (as shown in the diagram below). Bits 2 and 3 
are auxiliary user-designated output. Bit 4 is used to enable 
the loopback feature for testing the 8250 controller chip. When 
set to "O", bit 4 forces the transmitter serial output signal 
-SOUT (Active Low) to a logical "1" state and causes the receiver 
signal input, -SIN, to be disconnected. The output of the 
transmitter shift register is looped back into the receiver shift 
register input. By activating the -SOUT bit, the modem input 
control signals -CTS, -DRS, -RLSD, and ~RI are disconnected from 
external lines and are internally connected to the modem output 
control signals -DTR , -RTS, -0UT1, and -0UT2. These internal 
connections cause the transmitted data to be received 
immediately. This feature is used to verify the transmitter and 
receiver paths. During the loopback diagnostic test, both 
receiver and transmitter interrupts are fully operational, and 
the lower four bits of the modem control register are? used as an 
interrupt source under control of the interrupt enable register. 


76543 210 

7’~o'T~'6"T~o~7 7 7 7 T T 

X ' 3FC ' ! : 1 ! i 1... 1 i ! 

— -}• *** "fr* “* ***•+•*** *** *■}' •"•$•*** 

11)11 

1)111 

1 I I I t 

I I I I I 

! : ! ! +---> -DTR 

! ! ! ! 0 = Logical high 

! ! 1 ! .1 = Logical low 

. ; . + > -RTS 

! ! i 0 •• Logical high 

! ! 1 = Logical low 

! ! +---> -0UT1 

! 1 0 - Logical high 

! ! 1 - Logical low 

! + > -0UT2 

i 0 ~ Logical high 

1 1 = Logical low 

+ > -SOUT; 

0 ~ Logical high 

1 = Logical low 
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Line Status Register; This register is used by the system 
programmer to retrieve status information on the 8230 serial 
.communication controller that . concerns data transmission* Line 
status is stored in I/O address X'3FD' and contains the 
information as shown in the following diagram; 


7 6 3 4 3 2 1 0 

I /\ I I I I t I I I 

I \J I I I 1 l.l l I 

X ' Qt?rs ' i i * i » « * • * 

Jr U i i i i i i i i i 

i i i i t i i 

i i ii i i i 

i i i t i i i 

i i i i i i i 

! : 1 : : i + > 1= Data Ready (DR) 

1 ! ! ! ! + >1= Overrun Error <0E) 

! ! ! ! > 1 Parity Error (PE) 

! ! 1 + > 1 = Frame Error (FE) 

• [ + > 1^: Break Interrupt (BI) 

! + > l=(TX/-lold Register Empty 

+ > 1 =/fX)SlTift Register Empty 

Tx ? 

Bit 0 of line status register, when set to ”1"/ indicates that 
the input data is received and has been transferred into the 
receiver buffer register* This bit is reset to "0" either by 
writing a "0" into this bit position* or by the processor reading 
the data into the receiver buffer register* which in effect 
indicates buffer empty* 

Bit 1 of line status register* when set to ”1"* indicates that 

data in the receiver buffer was not read by the processor before 
the next character was stored in the receiver buffer* thus 
destroying the previously received data* This bit will be reset 
to ”0“ when the processor reads the contents of the line status 
register* 

Bit 2 of line status register* when set to "1”* indicates that 
the receiver data did not have a correct parity bit* This bit 
will remain set until the processor reads the contents of the 
line status register* 

Bit 3 of line status register* when set to "l”* indicates that 

the receiver data did not have a valid stop bit* This bit will 

remain set until the processor reads the content of the line 

status register* 


Bit 4 of line status register* when set to "1"* indicates that 
the input data signal was held in 'spacing' state longer than a 
full woti^tTansmission time* which includes start bit* data bit 
X£ L b i t M ia x^y » parity bit* and stop bit(s)* This bit will remain 
set unti-l^rhe processor reads the content of the line status 
register . 
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Bit 5 of line status register, when set to "l", indicates that 
the data from the transmitter holding register is transferred 
i.nto the transmitter shift register, and the serial communication 
controller (8250) is ready to accept a new character for 
transmission. It also causes the 82!50 to issue an interrupt to 
the processor, signaling that the transmit holding register is 
empty (providing the interrupt is enabled). This bit Will be 
reset to "0" when the processor loads the transmitter = holding 
register with data. 

Bit 6 of line status register, when set to "1”, indicates that 
the transmitter shift register is empty. This bit will reset to 
"0" when data fropi transmitter holding register is loaded into 
the transmitter shift register. 

Modem Status Register: This register is used to provide the 
current status of the line connecting the modem, or devices 
emulating modems, to the? processor. This register is accessed by 
reading I/O address. X'3FE'« The high order four bits (bits 4-7) 
contain the state of Clear To Send (CTS), Data Set Ready (DSR), 
Ring Indie tor (RI), and Received Line Signal Detect (RLSD). The 
low order four bits (0-3), when set to "1”, indicate a change in 
the state of the corresponding signals stored in bits 4-7, and 
are designated by prefix New. 


7 6 5 4 3 2 1 0 


X'3FE' ! ! ! ! 1 ! i ! 1 

f I l I » » I * 

l I I l l I I I 

I I I I I I t I 

I I I I I I I I 

! ! ! ! ! ! ! + > 1= New CTS 

! ! ! ! ! ! > 1 * New DSR 

! ! ! ! ! + > 1 - New RI 

! 1 ! ! + > 1 “ New RLSD 

! ! ! CTS 

! ! + > DSR 

! + > RI 

+ > RLSD 
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2.9.3 Secondary (Serial Communication, UART 

_ for&onaX 

f Th e MAD- ^Workstation support's the facility for an optional 
secondary asynchronous serial port* This option consists of an 
IBM copipatible serial asynchronous expansion board, or" any IBM 
compatible, that plugs into the slot located in the; computing 
module above the CPU board. The opening for the secondary port 
external interface connector is in the back of the computing 
module and is level with the serial expansion board (when 
instal led). 


2.9.3. 1 Secondary Port, Functional Description 

The functions of the secondary serial port are identical to those 
of the primary serial port described earlier in this jjfection. The 
differences in usage are more from a programming point of view. 
The program now addresses all the data, control , and status 
registers in I/O address spaces X'2F8' through X'2FF' instead of 
address spaces X'3F8 through X'3FF'. 



Figure 2-12: IBM Serial Communication Expansion Board 
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The operation of the secondary serial port is also defined by the 
contents of the registers selected by the decode of bits AO/ Al/ 
and A3 of I/O addresses X'2F8' through X'2FF' for the secondary 
port/ and X'3F8'- X'3FF' for the primary port/ 


Table 2-8; I/O Address Assignment 


F'rimary & Secondary Port 


I/O Address (Hex) 


Primary ! Secondary 


% ‘ 


Corresponding Register 


TX 


TX Buffer 
RX JBuffer 
^Di^/isor Latch LSB 
Divisor Latch MSB 


DLAB a O 
DLAB=0 
DLAB= 1 
DLAB= 1 


(Write) 

(Read) 


Interrupt Enable Register 
Interrupt Identification Register 
Line Control Register 
Modem Control Register 
I. i n e S t a t u s R e g i s t e r 
Modem Status Register 


Table 2-9; I/O Address Decode 


1 1/0 Address Bits ! State 

! ! Of 

!9*8*7*6*5*4»3*2*1«01 DLAB 

Function of the Selected Register 

I — — - — — ~ .f- — — — •{ 

h *** ~ *** *** 

! 1 x- 1 1 1 1 1 x x x ! 


! 0 0 0! 0 

Receive Buf (Read) /Hoi ding (Write) 

! 00110 

I nt err up t Enab 1 e 

1 0 1 01 x 

I nterrup t I dent i f i cation 

1 0 1 1 1 x 

Line Control Register 

1 1 0 01 x 

Modem Control 

1 1 0 11 x 

Line Status 

1 1 1 0! x 

Modem Status 

1 1 1 1 1 X 

Not Used 

1 0 0 01 1 

Divisor Latch LSB 

1 00111 

Divisor Latch MSB 

f 1 

1 1 

... ... ... .... .... .... .... .... _ .... .... .... — — 


*; Bit 8 is always " 1 " for the primary interface 
Bit 8 is always ”0'' for the secondary interface 
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• ; # | 

2/;i9'*3.2 Secondary Serial Port Interrupt Operation 

Interrupt Request line 3 (IRQ3) is normally used for secondary 
communication operations* This line requires that the serial 
communication be enabled for interrupt/ which is accomplished by 
setting bit 3 of the modem control register (I/O address' X' 2FC' ) 
to a value of "1“* 


2. 9. 3*3 Secondary Serial port Registers and Programming 

There are several data/ control/ and status registers that are 
used for programing the operation of the Intel 8250 UART. These 
registers are addressable by, the program using the assigned I/O 
address of each register/ as listed in the f ol 1 owing^^abl e; 



REGISTER 


S uffer ( DLAB=0 ) 
uf fer (DLAB=1 ) 
sor Latch, LSB ( DLAB=1 ) 
Divisor Latch/ MSB (DLAB-1 ) 
Interrupt Enable Register 
I nt err up t I dent i f i c a t i on Reg i ster 
Line Control Register 
Modem Control Register 
Line Status Register 
Mo d e m S t a t u s R e g i s t e r 


I/O ADDRESS 


X ' 2F8 ' 
X ' 2F8 ' 
X ' 2F8 ' 
X' 2F9' 
X ' 2F9 ' 
X ' 2FA ' 
X' 2FB' 
X ' 2FC ' 
X ' 2FD ' 
X ' 2FE ' 


2*9 *3*4 Secondary Port Interface Description 


The secondary serial port supports the same interface protocols 
that are used on the primary serial port* Connector J8/ located 
on the back of the computing module (see Figure 2-13)/ is used as 
the secondary serial port external interface. It is^-a— 25--P-i 

she? 1 1 connector that is used — to i nter f ace to 

T . ompmTTiC at Ton expansion board ( optio^a-W when it 
the com]3ufriTrg--m<; ?du 1 e -- as the o ectmdiTry serial port, 
signal lines are shown in Figure 2-14* 


? 


i installed in 
The interface 

H 




d 


gjCP 

o^y bo a/ 

,'5 0-^.1/ 

M'W - 
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Rear View of the Computing 
Module shown the reserved 
Slot for the Secondary serial 
Communication Port. 
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2.9.4 Tertiary Serial Communication, USART 


iOf 


pTh e J1AD - 1 eomp u t oi>^p rov ides a smart serial 
reT ev^?d to as /Tertiary /Serial Communi cation* 
interface supports Asynchronous, IBM ( fBisync 
protocols ancl utilizes the Intel 8274 mu 
controller chip to provide a variety of s 
functions* The mu 1 ti -protocol serial contr 
interfacing high-speed communication lines 
-ut^erTN The functional block diagram is sh 


e ^IAD-1 


.ial communication port, 
tion. This communication 
sync <j ?SC), and SDLC/HDLC 
4 mufti -protocol serial 
of serial communication 
controller is capable of 
lines with the HAD -1/£H 
is shown in Figure 2-15. 


The functional block diagram is snown in figure 

The operation of the tertiary serial port is not compatible with 
IBM. It uses I/O address spaces X'2E8' through X'2EF' for 
referencing data, control^— and status registers* These addresses 
are not used by th<f IBM PC/XtSmd therefore do not interfere with 
other IBM compatib 

The tertiary serial communication port provides two independent 
serial channels Channel A and B). Each channel contains eight 
internal write, and three internal read registers* Both sets of 
registers may be accessed by either channel * 

For normal operation, ^flannel A is jumpered to support RS-232C or 
R8-422 interface protocol and ^flannel B is designated to support 
the optional internal modem * 


* 
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Tertiary Functional Block Diagram 
shows its relationship to the system 


Figure 2-15; Tertiary Block Diagram 
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2 * 9 * 4,1 Tertiary Port Programming , . j 

I/O addresses X'2E8' through X'2EF' have been assigned to operate 
the tertiary serial communication port* A-st jnexitj -oned earl ier, 
these addresses are not used in the/'TBM PC/XTJ} systems and 
therefore do not interfere with other coftp- at ifo l -e-fperations » The 
descriptions of the registers used by the tertiary; port are 
listed be low s 

Tertiary Channel A Data; 


7 6 5 4 3 2 1 0 

X ' OITA * 1 1 * » i i i i 

£LO i t I i i i i i 

i i i i i i i I 

1 1 i i i i i i 

Tertiary Channel A Status; This register is used to read the 
contents of any one? of the three internal read registers pointed 

to by the register pointer value set in the command register. 

7 6 5 4 3 2 1 0 



X ' 2EA ' ! 

I 

1 



Tertiary Channel A Command; 


7 6 5 4 3 2 10 


X' 2EA' 


+ - > I nterna 1 Reg i ster 
Pointer; 

000 = Register 0 

001 ■■ Register 1 

010 = Register 2 

011 = Register 3 

100 = Register 4 

101 = Register 5 

110 = Register 6 

111 " Register 7 
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Tertiary Channel B Data; 


76543210 


X' 2E9' 


Tertiary Channel B Status; This register is used to read the 
contents of any one of the three internal read register^ pointed 
at by the register pointer value set in the coiwand register* 


7 6 5 4 3 2 1 0 


X'2EB' 


Tertiary Channel B Command; 


765 4 3210 


X ' 2EB ' i ! ! ! 1 

: : ! i : 


+-> Internal Register 
Pointer; 

000 - Register 0 

001 •- Register 1 

010 = Register 2 

011 ~ Register 3 
100 = Register 4 
101. » Register 5 

110 = Register 6 

111 ~ Register 7 
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2i. 9 ♦ 4 ♦ 2 Tertiary Interface Connector 

Connector J14 is a’ 25-pin "D" shell connector in the back of the 
computing module and is connected to the tertiary port interface 
logic. The location of the connector and its pin assignment are 
shown in the Figure 2-16 and the interface signals are shown in 
Figure 2-17. 



Rear View of the Computing 
Module shown the J14 connector 
Slot for the Tertiary serial 
Commun i c at i on Port ♦ 


Figure 2-16; Back of Computing Module Showing v?14 
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SERIAL 

EXTERNAL 

DEVICE 


Figure 2 


( Standard RS-232C Levels) 


’oiT - - 
02 ; < - 

03! -- 

04 : < - 

05! -- 
06 ! - - 
07! -- 
08 I - - 
09!-- 
10 ! - - 
1 1 ! < - 
12 ! -- 
13! -- 
14! - - 
15! -- 
16! 
17! -- 
18! -- 
19! -- 
20 ! <- 
21 ! - - 
22 ! - - 
23! <- 
24! - - 
25! - ~ 

I 

1 


(Not Connected) ! 6.1 

( Transit i t Data ) ! 02 

(Receive Data) > ! 03 

( RTS ) ! 04 

< CTS > > ! 05 

(DSR) > ! 06 

(Signal Ground) ! 07 

(CARRIER DETECT) > ! 08 

( Not Connected ) ! 09 

( Not Connected ) -!10 

(Select Standby*) ill 

( Not Connec ted ) . ! 1 2 

( Not Connected ) ! 13 

( Not Connected ) ! 14 

(Transmitter Signal Timer) > ! 15 

( Not Connec ted ) ! 16 

- - ( Rec e i ver S i gna 1 T i mer ) > ! 1 7 

(Not Connected) ! 18 

(Not Connected) ! 19 

dtr ) 120 

( Not Connected ) ! 21 

( R I NG INDICATOR) > ! 22 

(Data Signal Rate Selector) ! 23 

( Not Connected ) 124 

(Not Connected) !25 


BINARY 

SYNCHRONOUS 

COMMUNICATION 

INTERFACE 

RS-232C 

* Not El A 
Standard 


•17; Tertiary Serial Interface 


( USART^Connec tor 


J14 
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2.9.5 Serial Interface Line Voltage Specification 

pfhis section describes the signal voltage levels for data 
"ETxchange over the interface cable between the serial port and the 
external device* Depending on the type of serial interface and 
protocol/ signal voltage levels nay be different for the receiver 
and transmitter logic. 

As shown in Figure 2-18/ data transmission consists of two 
states; 'Narking'/ which denotes binary "l"; and 'Spacing'/ which 
denotes binary "0"* Depending on the protocol/ each end of the 
cable may have different voltage levels assigned. Figure 2-1? 
describes both the valid and invalid voltage? levels and the 
logical state of the line in representing "0.” or "l”. 


DO D1 D2 D3 D4 D5 D6 D 7 R 

Transmit ! Start !!!>!■!!! ! Stop 

Data ! Bit ! ! !!!!!!! I Bit 

Narking ! 1 ! ! ! ! 1 1 ! ! _! 


Figure 2-18; Data Transfer Format Diagram 


Technical Reference Nanual 840707;20.07 


2-82 



HAD COMPUTER 


CENTRAL PROCESSING UNIT 


2 . 9 . S . 1 Interface Signal Level; For Primary Serial Port 



DRIVER END 


+ 15 /Vdc 



+3 Vdc 


/ \ 

-3! /Vdc 


•15 



Vdc 


VALID 

LEVEL 


VALID 

LEVEL 


Active State 
Data Bit = 0 


• + + - 

ZERO VOLTAGE LINE • 
■ + + - 


Inactive State 
Data Bit = 1 


RECEIVER END 


VALID 

LEVEL 


VALID 

LEVEL 


+ 15 (Vdc^ 

+3^dp 


■3 ^dc^) 


-15 


vQ 


Figure 2-19; Voltage Levels For Asynchronous Serial 
Communication Interface Signals 
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2*9»3«2 Interface Signal Level For Tertiary Serial Port 

The Tertiary Interface conforms to EIA RS-232C/CCITT V*24 
interface signal levels/ as shown in the fol lowing Jn.gure: 



-5 Vdc 


•15 Ode ! 


DRIVER END 


VALID 

LEVEL 


VALID 

LEVEL 


! Active State 
! Data Bit = 0 
+ 


ZERO VOLTAGE LINE 


+ - 


Inactive State 
Data Bit - 1 


RECEIVER END 


VALID 

LEVEL 


VALID 

LEVEL 


Figure 2-20; Voltage Levels For Synchronous Serial 
Communication Interface Signals 


+25 Vdc 


+3 j^dc) 


-3 


-23 jVd^ 


Technical Reference Manual 840707 1 20 * 07 


2-84 




MAD COMPUTER 


CENTRAL PROCESSING UNIT 


f', 


2.10 PARALLEL PRINTER INTERFACE 


OlOflA 


~T he MAD- 1 ^ Workstation supports a (f Parallel ) (Centronics 

copipatible) Printer Interface that is speclfxcai l-yciesfgned to be 
attached to— pxinte'rs with parallel port interface. However, this 
port nay be used as a general Input/Output port for any device or 
application that supports its protocol. The ^Elrterf ace consists 
of 12 TTL-buffer output points, which can be written or r ead 
under under program control utilizing the processor ^TN70UT 
instructions . 


in 




Interrupt Request line 7 (IRQ7) is used by this port to interrupt 
the processor when the ACKNOWLEDGE signal is 'asserted. IRQ7 is 
jumpered to the Programmabl e Interrupt Controller (Intel 8259A-2) 
via jumper W-25, and can be enabled or disabled under program 
control. The Reset line from the Power-On circuitry is QRed with 
the program output point which allows the device attached to this 
port to receive a Power-On reset when the processor is reset. 


2.10.1 Parallel Interface Operation 

pTh i s port, when operating with an attached printer, loads the 
data or the printer command into its 8-bit output latches and 
then writes the latched data onto the printer with the strobe 
line generated by the processor. At this time, the program may 
read the input port for printer status to determine when the next 
character is to be strobed onto the printer, or it may interrupt 
to inform the program that the printer is "NOT BUSY". Since the 
print data are latched onto the output latches prior to actual 
print, the output may be looped and read back for diagnostic 
purposes, which allows the fault to foe isolated between the 
interface and the attached device. The printer interface block 
diagram is shown in Figure 2-21 ♦ 
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Printer Interface Block Diagram 


Figure 2-21 s Printer Interface Block Diagram 
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2*10*2 Parallel Interface Connector 

pThe Input/Output signals are made available at the 25- 
shell connector J13 located on the back of the computing 
The signals are standard TTL capable of sourcing 2*'-; 
sinking 24 mA* The location of J13 is shown in Figure 2- 
the interface signals are shown in Figure 2-23* 


****** C A U T I ON ****** 

Care must be taken to ensure that no external 
device pulls any of these lines low to ground* 
******************************* 


Rear View Of the computing module 
Shown the "D" Shell J13 Connector 


Figure 2-22s Back of Computing Module Showing J13 


•pin "D" 
modu 1 e . 
> mA and 
•22 and 
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(Standard TTL Levels) 


! ( -STROBE) ! 01 

j ( +DATA BIT 0) !02 

! ( +DATA BIT 1) ! 03 

I < +DATA BIT 2) ! 04 

! - - ( +DATA BIT 3)-- 105 

. ( +DATA BIT 4) I 06 

! ( +DATA BIT 5)-- 107 

PRINTER ! - < +DATA BIT 6) 108 PRINTER 

DEVICE ! ( +DATA BIT 7)-- 109 INTERFACE 

! - ~ ( - ACKNOWLEDGE ) i 10 

1 (+BUSY) 111 

. < + p , END , Paper End ) 112 

! - - ( (-SELECT) i 13 

. (-AUTO FEED) ■' 114 

. ( -ERROR) I 15 

1 --(-INITIALIZE PRINTER) I 16 

j (-SELECT INPUT) 117 

I (GROUND) 118-25 

I I 


Figure 2 -23 2 Printer & Printer Interface 


Tec h n :i. c a 1 Ref erenc e I’lanua 1 840707 ; 20 . 07 


2-88 


MAD COMPUTER 


CENTRAL PROCESSING UNIT 


^ 2*10.3 Programming Considerations 

I _ 

|| \ Th ere are five Input/Output instructions which the parallel 
ff interface responds to; two of the fiverJVO instructions are used 
for output operations and the remain)^ three are used for input 
operations. The output instructions are used for transferring 
f. data into the bus buffer and data latches/ whose outputs are 
|1 present on pins 18-25 of the parallel interface connector («J13). 
|| Two of the three input instructions are used by the processor to 
|| read the contents of the bus buffer and the data latches. The 
■j third input instruction is used by the processor to read the real 
time state of the signals on the parallel printer interface 
connector. For programming this port/ the MAD-1 supports I/O 

z and X ' 3BE ' . I/O addresses X'378 - 

re not supported. . 

s ter is used to read status from/ and 
write initialization status to the printer interface. 


addresses X' 3BC' , XJ_3BD' 
X ' 37F ' used by ipr^CTxT^ 

Status Register; TTvls_J s «?gi 


7 6 5 4 3 2 10 


X ' 3BE ' 





WRITE 

I n i t i a 1 i za t .i on 
Status 


! ! ! 1 ! -»• > State of Pin 1 

! 1 ! ! " -STROBE” 

! 1 ! 1 + > State of pin 14 

! ! ! ! "-AUTO FEED" 

1 ! ! + > State of pin 16 

i ! ! "INITIALIZE PRINTER" 

! ! + > State of pin 17 

! 1 "-SELECT INPUT" 

! > Interrupt Enable Status 

! 0 ~ Disabled 

! 1 * Enabled 

•f- > Data Latch Enable Status 

0 - Enab 1 ed 

1 = Disabled 
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2.11_CL0CK/CALENDAR A _MSM„5d321_c.hiB 


[The MAD-1 provides a real -tine and date calendar facility using 
tFfe MSM 58321 chip with back-up battery* This chip continues to 
operate when the system is powered off using the battery back-up 
system to maintain DC power* DC power will be supplied to the 
chip for up to five years with no other power supplied* 

An 8-bit control and an 8-bit data register are used for handling 
the communication between the MSM 58321 and rest of the system* 
Since the clock/calendar facility shares the same I/O address 
space ( X ' 3BC , 3BD-->' assigned to-irhe-fwrajle 1. printer, the data 

latches in the Para 1 1 e 1 Pri n ter. Int erface/ 1 Q<Ji c must be enabled 

WITHOUT stroM^^-data^/taTth-e-- . pr inter using the Initialization 
Register at I/O address X'SBE' 



C 1 oc k/c a 1 endar Log i c Draw i ng 


Figure 2-24: i£i ock/Cal endar Logic Diagram 
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2.11 .1 Clock/Calendar Registers. 

( 3 ? clock/calendar MSM 158321 chip provides an 8-bit control 
register and an 8-bit data register to allow the user to set the 
internal counter of the chip under program control. 

Clock/Calendar Control Register; This register is used by the 
system to write six bits of control information to I/O address 
area X'3BD' as shown below; 


7 6 5,4 3 2 1 0 


X ' oon *ii ii ii • i 

OJDJL/ i i i i i i i i 


! ! ! ! ! ! + > Write 

! ! ! ! ! + > Read 

! ! ! ! + > Chip Select 

! ! 1 + >. Stop 

I • + > Address Write 

1 •+■ > Test 

+ > Data Direction Bit 

0- Data In 
1= Data Out 


Clock/ Calendar Data Register; 


X ' 3BC ' 


7 6 543210 

l . . » v I v l v l l l • 

i X i X • X i X i i i • 


+ > Data bits 
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2*11*2 C 1 ock/Ca 1 endar Programming Considerations 

pfh e fol 1 owing /Tabl e provides the translation for the values 
written into the data register and the internal counter/ when bit 
0 (Write) and bit 4 (Address Write) of the control register are 
set to '‘l"* 


VALUE IN DATA REG 

X'OO' 

X'01' 

X ' 02 ' 

X ' 03 ' 

X ' 04 ' 

X' 05' 

X'08' 

X' 07' 

x ' oe ' 

X ' 09' 

X' OA' 

X ' OB ' 

X'OC' 


INTERNAL COUNTER 

Second l's 
Second 10 's 
Minute l's 
Minute 10 's 
Hour 1 ' s 
Hours 10' s 
Day of Week 
Day 1 ' s 
Day 10' s 
Month 1 ' s 
Month 10' s 
Year 1 ' s 
Year 10' s 
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2*12 SYSTEM CONFIGURATION SWITCH 


Pfhe configuration switch 
CPU board in the computing 


is an 8-bit dip switch 
module. This switch 


located on the 
combines the 


functions of 
the following 


TBFT PC 
abl e; 



system 


juration switches as shown in 


Drawing of Switch position on 
the CPU board and the Switch 
position for On/Off 


Figure 2-25: Switch Positions 
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SW 1: 

MAD-1 - Off Position * Boot: front Floppy Disk Drive 

On Position = Boot from Hard Disk (if installed) 
IBM PC- Off Position = Floppy Disk not installed* 

On Position = Floppy Disk installed* 

SUI 2: 

MAD-1 - Not Used (Set to On Position) 

IBM PC- Off Position = Co-Processor 3087 installed* 

On Position = Co-Processor 8087 not installed. 

SW 3 and 4; 


MAD 

-1 - 

SW 

3 

Off/ 4 Off 

-- Memory 

s.i.7;e 

128K 



SW 

3 

On. 4 Off 

= Memory 

size 

256K 



SW 

3 

Off/ 4 On 

= Memory 

size 

384K 



SW 

3 

On / 4 On 

= Memory 

size 

.512K 

IBM 

PC- 

SW 

3 

Off/ 4 On 

= Memory 

size 

128K 



SW 

3 

On, 4 Off 

= Memory 

size 

192K 



SW 

3 

Off , 4 Off 

a Memory 

size 

256K 


SW 5 and 6; 

NAD- 1 - SW 5 Off/ 6 Off = Monochrome Display/ more than 1 

SW 5 Off/ 6 On -- Color Display/ 40 x 25 Color Mode 

SW 5 On/ 6 Off = Color Display/ 80 x 25 Color Mode 

SW 5 On/ 6 On = Use COM 1 device as console 

IBM PC- SW 5 Off/ 8 Off - Monochrome Display/ more than 1 

SW 5 Off/ 6 On - Color Display* 40 x 25 Color Mode 

SW 5 On/ 6 Off a Color Display'/ 80 x 25 Color Mode 

SW 5 On/ 6 On ~ No monitor installed 

SW 7 and 8; 

MAD-1 - SW 7 Off/ 8 Off * One Floppy Drive installed. 

SW 7 Off/ 8 On = Two Floppy Drives installed. 

SW 7 On. 8 Off - Three Floppy Drives installed. 

SW 7 On/ 3 On = Four Floppy Drives installed. 

IBM PC- SW 7 Off/ 8 Off - One Floppy Drive installed. 

SW 7 Off/ 8 On = Two Floppy Drives installed. 

SW 7 On/ 8 Off » Three Floppy Drives installed. 

SW 7 On/ 8 On = Four Floppy Drives installed. 
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80186 Internal Register Map 22 
Cl ock/cjal endar Control Register 92 
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Cl ock/Cal endar t MSM 58321 chip 91 
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Direct Memory Access (DMA) 36, 

Divisor LSB Latch 63 
Divisor MSB Latch 63 

DMA Base & Current Address Registers 37 

DMA Byte Pointer Regsister 41 

DMA Clear Mask Register 41 

DMA Command Register 38 

DMA Mask Set/fte?»et Register 40 

DMA Mode Regsister 4 (/ 

DMA Programming Consideration 37 

DMA Registers 36 

DMA Request Register 39 

DMA Status Recmi . ster 39 

DMA Temporart/Kegister 41 

DMA Write A1 1 Mask Register 41 

I/O Channel Diagram 30 A 

I/O Channel Signal Description 31 

I/O Expansion Bus 31 

Initialization Command Word 43 

I n i t i a 1 i za t i on Command Word 1 ( I CW 1 ) 43 

Initialization Command Word2(ICW2) 44 

Initialization Command Word3 (ICW3) 44 

Initialization Command Word4 (ICW4) 44 

Input/Output (I/O) Channel 29 

Intel 8250 I/O Description 58 

Interface Signal Level For Primary Serial Port — 83- 

Interface Signal Level For Tertiary Serial Port 84 

Interrupt Control f Intel 8259A 42 

Interrupt Enabled Register 66 

Interrupt Identification 66 

Interrupt Level 0 through 7 42 

Interrupt Programming Consideration 47 

Interval Timer Channel f Intel 8254 48 

IRQO-7 43 

Line Control Register 63 
Line Status Register 70 
Main Memory 24 
Main Memory Cycle Time 26 
Main Memory Refresh 27 
Memory Subsystem 23 
Microprocessor , Intel 80136 16 


secondary ^ 
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Modem Control Register 69 
Modem Status Register 71 
NMI Register 42 
Non-Maskable Interrupt 42 
Operation Command Word 45 
Operation Command Word (0CW1) 45 

Operation Command Word (0CW3) 46 

Operation Command Word2 (0CW2) 46 

Parallel Interface Connector 87 
Parallel Interface Data Register 90 

Parallel Interface Initialization Status Register 90 
Parallel Interface Operation 85 
Parallel Printer Interface 85 
Parity Bit 27 

PF'I M o d e R e g i s t e r 50/ 50/ 51 
PPI Port B Register 52 , . 

F'PI Port C Register 52 
PF'I Port Operation 50 

Primary Interface Registers and Programming 65 
Primary Interface/ Baud Generator 62 
Primary F'ort Interface Connector 64 
Primary Serial Communication/ UART 56 
Processor I/O Pin Description 18 

Programmable Peripheral Interface/ Intel 8255 50 

Programmabl e Read Only Memory (PROM) 27 
Programming Considerations 89 
PROM Cyc 1 e " Time 27 

Secondary Port Interface Description 74 

Secondary Port/ Functional Description 72 

Secondary Serial Communication/ UART 72 

Secondary Serial Port Interrupt Operation 74 

Secondary Serial jxort Registers and Programming 74 

Serial Communication Interface 53 

Serial Communication Interrupt 55 

Serial Interface Line Voltage Specification 82 

Status Register 89 

System Configuration Switch 94 

Tertiary Channel A Command 78 

Tertiary Channel A Data 78 

Tertiary Channel A Status 78 

Tertiary Channel B Command 79 

Tertiary Channel B Data 79 

Tertiary Channel B Status 79 

Tertiary Interface Connector 80 

Tertiary Port Programming 78 

Tertiary Serial Communication/ US ART 76 

Timer Channel 0 Data Register 48 

Timer channel 0-2 Data Register 48 

Timer Channel 1 Data Register 48 

Timer Channel 2 Data Register 49 

Timer Channel Control Register 49 

Timer Control Register 48 

pO'Fp^Reg i ster 65 

Video Display Buffer Memory 27 
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Chagter 3 

VIDEO CONTROL AND DISPLAY 


{""Th is chapter contains the physical f functional , and operational 
descriptions for the video control and video display used in the 
MAD- 1 ♦ 


3.1.PHYSICAL_DESCRIPTI0N 


I Th e video control board is used in conjunction with the CPU 
board to provide video control signals and data for the 
^WfiJnoc h rone and c o 1 or /gr ap h i c s d i sp 1 ay . modu 1 e ♦ 

It is a 5 1/4" by 14" four layer printed circuit board (see 
Figure 3-1) which mounts on a short bracket above the CPU board 
in the computing module* Power supply voltages and control 
signals are supplied through two connectors; the main bus 
connector and an auxiliary connector used for expanding the I/O 
bus data to 16-bit data bus* 


video controller Board diag. 


Figure 3-1; Video Controller Board 
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diagram of back end of the computing module 


Output 
to th e 
Figure 
modu 1 e 


Figure 3-25 Back of Computing Module 


Lng Module , . (l 

which heard ns tv y^krrim 

video control signals generated on \h:i.j^ board are carried / r> — ’ 

video board unit via the 9-pin "D" shape connector ( J 1 0 ) » >C> , 

3-2 shows the connectors on the back of the Computing 
and Table 3-1 provides the pin lists / 


Table 3-1: Pin List and Signal Name 


V i deo S i gna 1 Connec tor ( J 1 0 ) 

Pin » ! Signal Name 

1 L.GND 5 f>6(l OU~f '%vq\jY\(X 

Vertical Svnc 
Red 
Green 
Blue 

Intensity 
Monochrome Signal 
Horizonta 1 
Vertical Sync 


*• 2 

3 

4 

5 

6 

7 

8 
9 


* : Sw i tc h se I ec tab 1 e : 

a) Composit^Sync: via selecting jumper W-9 

b) Ground via selecting jumper W-10 


Note: 


The signals are 
and support one 
1 ines may have 


driven with 1 ow-power-schottkey, 
load at the output* Certain address 
up to a maximum of two loads* 
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3.2 FUNCTIONAL DESCRIPTION 


[The video display controller combines the functions of : both the 
monochrome and col or/graph ics display adapters/ except that it 
does^provide composite color video. 

MOT 

Note; Simultaneous monochrome, and col or/graphicS 
are not supported. ^ 


Five modes of operation are supported by the video board. They 
include the monochrome alphanumeric supporting an 80 column by 25 
line display screen/ two color alphanumeric modes/ one at 80 x25 
and the other at 40 x 25/ a medium resolution graphic screen at 
320 x 200 / and a high resolution screen at 640 x 200. The 
monochrome and co 1 or/graph ics modes are selected via different 1/0 
address spaces (monochrome oy X'3B4' thru X'3BF'/ c: o 1 or/ graph i 
by X'3D4' thru X'3DF'). Both address spaces are supported on the 
bus and decoded by the video display board. For a quick 
reference, the summary of the video display modes is listed 
bel ow; 


MODE 


CHARACTER CELL COLUMNS X LINES 


Monochrome A 1 phanumeric 

Color Alphanumeric 

Color Alphanumeric 

Med i urn Reso 1 u t i on Graphics 

High Resolution Graphics 


9 x 1.4 
8x8 
8 x 8 


80 x 25 
40 x 25 
SO x 25 
320 x 200 
640 x 200 


Figure 3-3 shows the 
display board. A 
memory 1 ayout are sh 


f unc t .i ona 1 b 1 oc k d iagr am 
: amp 1 et e desc r i p t i ovr of th e 
jn in the foil ow i ng jfi gure . 


for the video 
registers and 
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3*2*1 Video Memory Map 


{""The video controller board is designed 
CRT controller with 16K bytes of static 
for buffering alphanumeric data and as 
data* Two consecutive bytes f character 
written to the display buffer in 835 
of 1*2 mega bytes/second* Figure 3-4 
16/ Mbyte static RAM* 


around the Motorola 6845 
RAM (no parity bit) used 
a bit-map for graphics 
and its attribute can be 
nsec ? providing a data rate 
shows the memory map of the 



Note: The memory map used for monochrome display is 

located i)V\dif f erent address than the memory 
map used for the color display* 
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B8000 

B9F3F 

BAOOO 

BBF3F 

BBFFF 


Graphic 


// Even Scans 

! 8000 Bytes 



Co 1 or 

Alphanumeric 

Mono 

1 

1 

B8000 

Character 

B0000 

1 

1 

1 

1 

B8001 

Attribute . 

B0001 

1 

// 

1 

1 

B8002 

Character 

Attribute 

B0002 


// 


Not Used 


// 


! Odd Scans ! 

// 8000 Bytes // 


// Not Used // 


BBFFF 


•C 


character 

Attribute 

Character 


Attribute 



7 


B3FFF 


7 6 !5 4 3 2 1 0 


! Character Code 
! Even Address <M> 


7 6 5 4 3 2 1 0 



Attribute Code 
Odd Address (M-k'L) 


! ! i + > Foreground Color 

! ! + > Intensity 

! + > Background Color 

+ > Blink 


Figure 3-4; Memory Map 
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3*2*2 Registers 

two 8-bit registers 
(external to the chip 
.itself)* One of the-; registers, the index register, is used to 
select one of the eighteen internal registers in the 6845 
controller chip. The index register is also addressable by the 
program, address X'3D4', for compatibility with program^ which 
address the IBM PC color/graphic display. The second register is 
used as a data register. The data register is also addressable 
by program with an address X'3D5" (for compatibility with 
software) . 

In addition to the two registers provided by the CRT controller 
chip, the video display controller provides .three more registers? 
the mode control register, the color select ' register, and the 
status register. These three registers are addressable with 
addresses X'3D8', X ' 3D? ' , X ' 3DA ' (for compatibility with programs 
addressing the IBM PC monochrome display). 


S he Motorola 6845 CRT controller provides 
ich are used for external interface logic 


6845 Index Register; This address is used for^ronochrome 

Jifx sp 1 ay . 

/ 

7 6 5 4 3 2 1 0 

X ' 3D4 ' T x“"~7 x 

I I 

1 * _ 

< + > 

I 

I 

V 

This 5~bit field is used 
for addressing one of the 
eighteen internal registers 
in the; 6845 chip. 


6845 Data Register; This address is used for monochrome 
display. 

7 6 543210 



X' 3D5 ' 



I 

I 
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Video Mode Register Control: 


7 6 5 4 3 2 1 0 

X ' 3D8 ' T x T x“"7 i i" T T T“" 


- + - -+- -+- -+- - + - - + - 

1 I I I I . ■ I . 

I I I I 1 I 

! ! ! ! ! +-->0=80x25 

! ! ! ! ! 1=40x25 

! ! ! ! +-->0= Graphic Disab* 

! ! ! ! 1= Graphic Enab» 

! ! ! + — > 0= Black and White 

! i ! 1= Color 

! ! + >0= Video Disabled 

! ! 1= Video Enabled 

i + >o= Low Resolution 

! 1= High Resolution 

+--->0= Blink Off 
1= Blink On 

Address X'3B8' for Monochrome Display 



Address X ' 3B9 ' for Monochrome Display 


Technical Reference Manual 840707:20.07 


3-103 



MAD COMPUTER 


VIDEO CONTROL AND DISPLAY 


Status Register; This address, used for piovioc: h roi'ie 
display* 


7 * 5 4 3 2 J. 0 


X ' 3DA ‘ 


- + 


— +~ 


+-> l=Disp 1 ay 
Enable 


+->1 = 


+ - > 1 ~ Light 
>1= Vertical Re v 


L i gh t /P i n\ -Ertb-r 
jab 1 — 

Pifi) Switch 
:e Mode 




Note; The , Light y®r\ Trigger Flip-Flop will be 
cleared by writing any data to location 
X ' 3DA ' * 
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3*2*3 Programming Consideration 

J~Th e parameters shown in the following table are for the internal 
registers of the Motorola £845 CRT controller chip when used to 
operate the monochrome display* When the 6845 internal registers 
are used to operate the monochrome display, certain parameters 
must be followed* Table 3-2 lists the monochrome parameters; 


Table 3-2; Monochrome Programming Parameters 


Register 

Function 

Program Unit 

Display Addr* 

R0 

Horizontal Total 

characters 

X'61 ' 

R1 

Horizontal Display 

characters 

X' 50' 

R2 

Hori^ntal Sync 

characters 

X' 52' 


Position 



R3 

Hori7.©ntal Sync Width 

characters 

X ' OF ' 

R4 

Vertical Total 

characters 

X' 19' 

R5 

Vert i c a 1 To t a 1 Ad j ust 

Scan Line y 

X'06' 

R6 

Vertical Displayed 

character /Rpw 

X' 19' 

R7 

Vertical Sync 

character Row 

X' 19' 


Position 

/ 


R8 

I nter 1 ac e Mode 


X' 02' 

R9 

Max* Scan Line Addr* 

Scan Line 

X'OD' 

RIO 

Cursor Start 

Scan Line 

X' OB' 

RU 

Cursor End 

Scan Line 

X'OC' 

R12 

Start Address (H) 

______ 

X'00' 

R13 

Start Address (L) 

______ 

X'00' 

R14 

Cursor < H ) 


X ' 00 ' 

R15 

Cursor ( L ) 

------ 

X'00' 

R 1 6 

Reserved 

------ 

- _ 

R 1 7 

Reserved 


- - 

Mf# mt f|)i |n> 

1 MM MM , M , M## Ml# ^ ^ MM 

1 . , . ,... "M ........ r , . T 

.... HM .... .... .... .... .... T~T .... -*** -TT- 


To properly initialize the computer, the first command must set 
bit 4 of the mode control register (address X'3D8'> to a value of 
' :L ' * This value selects the high resolution mode, and if not set, 
causes the processor not to operate, resulting in the processor 
not accessing the monochrome mode. 
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The 

. and - 


video display controller boar 
thei r a s suu 1 rAWfl~ ' a I li iJ-iu l e sT ' The 


rd^L 


even 


r -a4-s o - support* 
Memory bytes 
addresses of 


characters are located in the 
cKy/a.^ff' fouf f on and the attribute bytes in the odd address/ 
Figure 3-4* The attribute code is shown in Figure 
3-3 contains the monochrome attribute map. 


256 characters 
g» n t a i n - i - n g— tire 
the display 
as shown in 
3-5 and Table 


7 65432 10 



Attribute Code 
Odd Address (M+l) 


! ! ! + > -Foreground Color 

! I + > Intensity 

; • + > Background Color 

+ > Blink 


Figure 3-5: Attribute Code 


Table 3-3; Monochrome Attribute Map 


Background 

Foreground 


R G B 

RGB 

Function 

0 0 0 

0 0 0 

None-Disp 1 ay 

0 0 0 

0 0 1 

Under 1 ine 

0 0 0 

1 1 1 

White Char/Black Bkgnd 

111 

0 0 0 

Reverse Video 
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3i.3_.M0N0CHR0ME„DISPLAY 

[~~Th e MAD-1 monochrome display terminal is a high resolution CRT 
supporting green or an optional amber screen* The display screen 
is capable of displaying 25 lines of information with each line 
containing up to 80 characters* The electronics of the terminal 
QX& ^-packaged in a low profile/ compact enclosure that allows the 
monochrome terminal to be stacked on top of the data and/or 
computing module?/ or to sit separately. The angle of the display 
screen can be adjusted via a sliding lever attached to the back 
of the? CRT enclosure. 


3*3.1 Physical Description 


erWl 


(JJUk ^ 


I The MAD-1 monochrome display is a low profile?/ 1 ighl^ weight/ 

ergonomically designed CRT* Its control logic is received via a 
9-pin 'D' type connector (J10) from the? video controller board in 
the computing module. Power and ground signals are sent from the 
data module/ connector J4/ and received at the J21 connector on 
the display module (located on the back end of the display 
unit)* Figure 3-6 shows the interface control signals from the 
c omp ut i ng modu 1 e ; 


1 ! --- 

* 21 

3 ! 

MAD-1 Video 4 1 

Con fro 1 1 er !5 ! 

Board (J10) 61 

7 1 

/ I 

81 

91 


GROUND 1 1 

-COMPOSITE SYNC/GROUND > 12 

R G r( > 1 3 

Green > 14 MAD-1 

Blue >15 Monochrome 

INTENSITY >16 Display IJn 

MONOCHROME SIGNAL >17 (J20) 

--HORIZONTAL > 18 

VERTICAL SYNC >19 


■#i Used as a composite sync / when selecting jumper W-9 
Used as a Ground signal/ when selecting jumper W-10 


Figure 3-65 Video Control Interface Signals 
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3*3*2 Functional and Operational Description 

E he actual character code and its attribute are generated by the 
video board located in the computing module and are driven over a 
cable to the CRT terminal for display* Characters on the screen 
are displayed by the proper formation of picture elements (dots) 
in a character box measuring 14 dots high by 9 dots wide* The 
screen is refreshed with the frequency of 50 Hz at the rate of 
350 lines of vertical resolution and 720 lines horizontal 
resolution* The display intensity can be adjusted by a thumb 
switch located at the back of . the CRT* next to connectors J20 and 
J21 * 

The 120 AC and 60 Hz power for the monochrome CRT/ and the analog 
electronics are supplied by the data module through connector 
J21* The monochrome display is selected by software when I/O 
addresses X ' 3BE ' - X'3BF' are used in addressing the display 
memory map ♦ 

Functional and operational characteristics of the monochrome 
display are given in the following list; 


SCREEN; 

o 

o 

o 

o 

o 

VIDEO SIGNAL; 

o 


High -Persistence green phosphor* 
Etched surface to reduce glare* 
Screen size of SO by 25 characters* 
Character of 14 by 9 JD6ts* 

Character/six pf 9 by 7 JS ots. 



Maximum Bandwidth of 16*257 MHz* 


VERTICAL DRIVE; 

o Screen refresh at 50 Hz with 350 
lines of vertical resolution and 
720 lines of horizontal resolution* 


HORIZONTAL RESOLUTION; 


o 


Positive level 
at a frequency 


f TTL compatibility 



Technical Reference Manual 840707:20.07 


3-108 


HAD COMPUTER 


VIDEO CONTROL AND DISPLAY 


3«4„C0L0R_DISPLAY 

ji n addition to Monochrome display support/ the MAD- ^Workstation 
aTso supports the attachment of color d.isp 1 ay/graph ic terminals. 
Since the memory map addresses used for the color 
disp l ay/graphics are identical to g thn^ e^psed toy IBM/ all color 
terminals supported by the^CfBM Pd/XT^ye also supported by the 
MAD-1» Workstation (See Append-L x C for— totre system memory map). 
fersonaA 

The color display option on the MAD-1 is selected via software/ 
using I/O addresses X'3DE' and X'SDF. Connection for the color 
CRT is made through the same ports used for the monochrome 
display. 

T/(e operational characteristics of the color disp 1 ay/graphics 
terminals supported toy the I1AD-1 are given in the following list: 

| SCREEN: 

I o High contrast black screen, 

j o Displays up to 1-6 colors, 

j o Characters defined in an 8 toy 8 matrix. 

i 

] VIDEO SIGNAL: 

? o Maximum Video Bandwidth of 14 MHz. 

i o Red/ Green/ and Blue video signals and 

; intensity are independent. 

; VERTICAL DRIVE: 

o Screen refresh at -60 Hz with 200 1 ines 

of vert i c a 1 re so 1 ut i on . 


HORIZONTAL DRIVE: 


o Positive level. TTL compatible at a 
frequency of 15.72T KHz? . ,71' , 
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KEYBOARD MODULE 


4. t l„PHYSICAL. DESCRIPTION 


Qsoth the MAD- 1 display and keyboard modules are designed to meet 
European ergonomic and DIN standards* The keyboard itself is a 
lightweight design built with approximate! y a 15 degree angle 
palm rest for comfort and convenience* Figure 4-1 provides a 
graphic layout of the 85 -key keyboards 



Picture of the 
MAD- 1 Keyboard 


Figure 4-1; MAD-1 Keyboard 
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4.1 *1 Physical Key Location 
(“The MAD-1 k e y boa r d _con 

supported on tire IBM F’C/XT>^'Tli e two additional keys are locations 
31 f C BREAK U — 84; Z.,1* Each key is coded with a location 
number to provide an easy reference point and is also used in 
referencing the scan codes. Figure 4-2 shows the keyboard with 
the assigned location numbers: 



Figure 4-2: Keyboard Diagram Showing Location Numbers 


SJ? kevs as compared to the 83 keys 
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4*1*2 Keyboard Connec tor I nterf ace 

("the Keyboard interface logic is located on the CPU board in the 
computing module. Signals are received over a six foot coiled 
flexible cable from connector J7 on the computing module to a 
telephone type connector on the back of the keyboard. Figure 4-3 
shows the J7 connection on the computing module and Figure 4-4 
provides the pin assignments of the coiled cable; 


Front View of computing module 
Shown Keyboard Modular Jack 


Rear View of keyboard module 
Shown Keyboard Modular Jack 


Figure 4-3; 


Interface Connectors 
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2! 

MAD-1 

3! 

Keyboard 

4! 

Interface 

5! 

( J7) 

6 ! 


i 


KEYBOARD MODULE 


-Keyboard Clock 1 

-Keyboard Data > ' 

-Keyboard Reset >1 

Keyboard Groufr^r “> ' 

Keyboard +5 /(vDcl- “> ' 

Sh iel d - ^ > > 

i 



MAD - 1 Keyboard 


Figure 4-4s Pin Assignments 
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4 »2._FUNCT I ONAL.. DESCRIPTION 

f~T he 85 Keys on the MAD-1 Keyboard can be functionally: divided 
into the following four groups; 


1 ) Standard typewriter Keys* 

2) Numeric Key pad arranged in standard calculator fashion* 

3) Fixed function Keys. 

4) Programmable function . Keys. 

The design of the? Keyboard interface provides for the return of 
scan codes rather than ASCII codes. The ability to receive scan 
codes rather than ASCII codes provides greater flexibility in 
defining Keyboard operations. When a scan code is received, an 
IRQ1 interrupt is generated and the? Keyboard circuitry converts 
the serial data to parallel data. The parallel data is then sent 
onto port 'A' of the Intel 8255 programmable peripheral interface 
chip located on the CPU board. The Keyboard interface diagram is 
shown in Figure? -4-5. 


Keyboard Interface Diagram 


Figure 4-5; Keyboard Interface Diagram 


Technical Reference Manual 840707; 20. 07 


4-114 


MAD COMPUTER 


KEYBOARD MODULE 


The design of the keyboard is based on the Intel 8048 
microprocessor ♦ Supported functions include; 

o Keyboard scanning, 

o Buffering up to 16 scan-codes. 

o Maintaining bi-directional serial communication 

with Central Processing Unit. " 

o Executing/ffand^Shake protocol on each 
scan-code transfer. 

o Power-on self test/ checks keyboard ROM 

A 

The logic diagram of the keyboard module is shown in Figure 4-6. 


MAD-1 keybaord Logic 
Diagram 


Figure 4-6; Keyboard Logic Diagram 
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4*2.1 Keyboard Buffer 


£e h 


e Keyboard module has a 64-byte type-ahead buffer that 


filled when the operator is entering data and the, main processor 
is interrupted to attend to another task. Once the processor has 


finished the other task, it will return to 
stored in the type- ahead buffer. 


p roc ess the c harairers 


4*2.2 Keyboard Scan Code 

£jThe design of the MAD-1 keyb£y6|'d is based on the concept of scan 
codes rather than ASCII codes. This provides the user with the 
maximum flexibility for defining the functional operation of 
certain keys. A1 1 keys on the keyboard generate a unique pair of 
scan codes rather than conventional ASCII codes. These codes are 
returned to the keyboard interface logic located on the CPU board 
in the computing module. 

Codes generated by each key are defined as "MAKE" or' "BREAK" 
codes. For example; when key number 64 (RETURN JK1?y ) is pressed, 
it is considered a MAKE and generates a X'lC' code. When 
released, it is considered a BREAK and generates a X'9C' code. 
The hex value of the BREAK code is X'80' plus the hex value 
generated by the MAKE code of the same key. 

The following figure shows the key location numbers followed by 
the scan code of each key in Table 4-1. 




Figure 4 -7t Keyboard Diagram Showing Key Location Numbers 
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Table 4-1: 

Keyboard Scan Codes 

KEY 

SCAN CODE (Hex) 


LOCATION 

BREAK ! MAKE 

KEY FUNCTIONS) 




1 

3B ; BB 

Function Key FI 

2 

3C : BC 

Function Key F2 

3 

3D : BD 

Function Key F3 

4 

3E : BE 

Function Key F4 

5 

3F ; BF 

Function Key F5 

6 

40 : CO 

Function Key F8 

7 

41 ; Cl 

Function Key F7 

a 

42 ; C2 

Function Key F3 

9 

43 : C3 

Function Key F9 

10 

44 ; C4 

Function Key F10 

11 

** 

01 ; 31 

''ESC*' Escape Key 

12 

2B : AB 

”\” Lower Case and ” ! " Upper Case 

13 

02 : 32 

"l" Lower Case and "!" Upper Case 

14 

03 3 83 

"2" Lower Case and "0” Upper Case ! 

15 

04 s 34 

” 3 " Lower Case and "**" Upper Case 

18 

05 ; 35 

“4 ,, Lower . Case and Upper Case 

17 

08 ; 38 

"5” Lower Case and Upper Case 

18 

07 ; 37 

"8" Lower Case and " A, ‘ Upper Case 

19 

03 3 33 

"7" Lower Case and Upper Case 

20 

09 ; 39 

”3" Lower Case and "*" Upper Case 

21 

OA ; 8 A 

"9" Lower Case and "<" Upper Case 

22 

OB : 8B 

"0" Lower Case and ")” Upper Case 

23 

OC s 3C 

Lower Case and Upper Case 

24 

OD : 3D 

” = " Lower Case and "+“ Upper Case 

2!5 

29 ; A 9 

Lower Case and 1 Upper Case 

26 

OE s 8E 

"BACK SPACE" 

"HOME" When "NUM LOCK” key Pressed 

27 

47 : C7 

28 

** 

43 : C3 

On 

"7" When "NUM LOCK" key Pressed 

Off 

Up Arrow,. When "NUM LOCK" Pressed On 

29 

49 : C9 

"3" When "NUM LOCK" key Pressed Off 
"PGUP” When "NUM LOCK" Pressed On 

30 

4A : CA 

"PGUP" When "NUM LOCK" Pressed Off 
"-" With or without "NUM LOCK" Key 


; 

( Continued ) _ 
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Table 4-1 continued: 

Vi i/ytv icrAki rvtn 


KEY 

SCAN "CODE (Hex)' 


LOCATION 

BREAK ! MAKE 

KEY FUNCTIQN(S) 


^ rT , ^ ^ ^ ^ ^ — 

.... W ^ ^ M. m ~ ~ M, M. M. .» «. 




31 

n 

55 : D5 

"BRI<" Break ✓Key 

32 

OF ; 8F 

’•TAB" ^Key 

"q" Lower Case and "Q" Upper Case 

33 

10 : 90 

34 

11 : 91 

"w" Lower Case and "W" Upper Case 

35 

12 : 92 

"e" Lower Case and "E" Upper Case 

36 

13 : 93 

"r" Lower Case and ”R” Upper Case 

37 

14 : 94 

-’t” Lower Case and "T" Upper Case 

38 

15 : 95 

"y" Lower Case and "Y" Upper Case 

39 

16 : 96 

, ”u" Lower Case and "U" Upper Case 

40 

17 : 97 

"i" Lower Case and "1“ Upper Case 

41 

18 : 98 

"o" Lower Case and ”0’’ Upper Case 

42 

19 : 99 

"p " Lower Case and ’’P“ Upper Case 

43 

1A : 9A 

"II" Lower Case and "C" Upper Case 

44 

IB : 9B 

”D" Lower Case and ">" Upper Case 
"SCR0L/L0CK" /Key 

45 

46 : C6 

46 

4B : CB 

Left Arrow ; When "NUM LOCK" Pressed 

47 

4C : CC 

On 

"4" When "NUM LOCK" Pressed Off 
"SRCH" When “NUM LOCK" Pressed On 

48 

Vk 

4D CD 

"5" When "NUM LOCK" Pressed Off 

Right Arrow; When "NUM LOCK" 

49 

45 : C5 

Pressed On 

"6" When "HUM LOCK" Pressed Off 
"NUM LOCK" JCey 

50 

4E : CE 

”+" With or Without "NUM LOCK" 

51 

52 

3A : BA 

ID : 9D 

Pressed . 

"CAPS LOCK" yKey 
"CTRL" Control Key 

53 

IE ; 9E 

"a" Lower Case and "A" Upper Case 

54 

IF : 9F 

"s" Lower Case and "S" Upper Case 

55 

20 : AO 

"d" Lower Case and "D" Upper Case 

56 

21 : A1 

"f" Lower Case and "F” Upper Case 

57 

22 : A2 

" cj " Lower Case and "G" Upper Case 

58 

23 : A3 

"h" Lower Case and "H" Upper Case 

59 

24 : A4 

"j" Lower Case and "J" Upper Case 

60 

25 : A 5 

”k“ Lower Case and "K” Upper Case 

61 

26 : A6 

" 1 " Lower Case and "L" Upper Case 

62 

27 : A7 

";" Lower Case and ":" Upper Case 

63 

28 : A8 

Lower Case and (") Upper Case 


MM MM |.M Mil «,M Mt ^ „„ uu 

(Continued) 
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Table 4-1 continued; 


! KEY 

SCAN CODE (Hex) 

i 

i 

! LOCATION 

BREAK i MAKE 

KEY FUNCTIONS) ! 

!! 

!! 

!! 

1! 

!! 

it 

!! 

t! 

= = = = = = 

!! 

!! 

!! 

!! 

!! 

it 

!! 

It 

!! 

!! 

!! 

1! 

I! 

1! 

t! 

!! 

H 

it 

I! 

!! 

I! 

tt 

!! 

!! 

It 

!! 

!! 

!! 

!! 

II 

II 

II 

II 

1! 

1! 

I! 

: 64 

1C ; 9C 

"RETURN" ^Key ! 

! 65 

4F ; CF 

* 

"END" When "NUM LOCK" Pressed On ! 

"1" When "HUM LOCK" Pressed Off ! 

! 66 

50 ; DO 

% 

Down Arrow f When "NUM LOCK" Pressed! 
On ' 
"2" When "NUM LOCK" Pressed Off ! 

: 67 

51 ; D1 

m 

"PGDN" When "NUM LOCK" Pressed 0D i 
"3" When "NUM LOCK” Pressed Off ! 

! 68 

38 ; B8 

"ALT" -Kev ! 

! 69 

2A ; AA 

"SHIFT" jtffey i 

! 70 

2C ; AC 

“z" Lower Case and "Z" Upper Case ! 

! 71 

2D ; AD 

"x” Lower Case and "X” Upper Case ! 

! 72 

2E ; AE 

"c” Lower Case and "C" Upper Case ! 

! 73 

2F ; AF 

"v" Lower Case and "0" Upper Case ! 

! 74 

30 ; BO 

"to" Lower Case and ”B" Upper Case ! 

! 7!5 

31 ; B1 

"n” Lower Case and "N" Upper Case ! 

! 76 

32 ; B2 

"pi" Lower Case and "M" Upper Case ! 

! 77 

33 ; B3 

“ Lower Case and "<" Upper Case ! 

! 78 

34 ; B4 

Lower Case and ">" Upper Case i 

! 79 

35 ; B5 

”/" Lower Case and "?" Upper Case i 

i 80 

36 ; B6 

"SHIFT" yKey 

! 81 

37 ; B7 

"•»" Lower Case and "PRINT" Upper ! 

Case ! 

! 82 

52 ; D2 

"INS" When "NUM LOCK" Pressed On ! 

"0" When "NUM LOCK" Pressed Off ! 

: S3 

53 ; D3 

] 

* 1 

"DEL” When "NUM LOCK" Pressed On I 
When "NUM LOCK" Pressed Off ! 

i 84 

54 ; D4 

_ 1 

« 1 

" f " With or Without "NUM LOCK" I 

Pressed » 

! 83 

39 ; B9 

! 

1 

Space Bar >Key ' 
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4,3 KEYBOARD OPERATIONAL DESCRIPTION 


4.3.1 Standard Keys 

Qhg Standard keys consists(\of upper and lower case alphanumeric/ 
numbers/ punctuation mark^s and symbols/ and standard control 
character such as, "TAB"/ ''"SHIFT"/ "CAPS LOCK"/ "BACKSPACE”/ and 
"RETURN” . Key arrangement is similar to a standard typewriter 
keyboard/ however/ certain Control (/ ^Keys will operate differently 
depending on the software. The following description of the 
standard function keys may differ depending on the software being 
used; 


I 

I 

I 


RETURN KEY; 


BACK SPACE; 


r 

This key is also refejjed to as "ENTER" or 
Return" (CFO. When pressed/ all data entered 
last RETURN will be sent to the system memory 


"Carriage 
since the 
and will 


open a new/1 ine. 

Backspaces the cursor one character at a time/ erasing 


each character. 


CAPS LOCK; Locks the alpha keys only into the uppercase mode. 

Pressing the CAPS LOCK key ag^/^i will release this 
mode. Note that when in the LOCK mode/ any alpha key 
pressed while the SHIFT key is pressed will result in 
a lowercase letter being typed. 


Technica 1 Ref erence Manua 1 8407 07; 20 . 07 


4-120 


I 


HAD COMPUTER 


KEYBOARD MODULE 


4*3*2 Numeric Keypad 

Qhe numeric keypad is located on the right side of the keyboard 
and consists of 11 double function keys and three symbol keys* 
The numeric keys, 0 through 9, are arranged in' standard 
calculator fashion and are activated when the NUM LOCK, key is 
pressed. To disable the NUM LOCK function, simply press the NUM 
LOCK key again* 

The numeric also contains punctuation marks and symbols, 
cursor control keys, and function keys* The punctuation and 
symbol keys include the plus <+> and minus <-) signs, and the 
comma (,) and period <*)* The function keys and the cursor 
control keys are invoked when NOT in the numeric lock function* 
An example of the use of each function key in a typical program 
follows; 




HOME; Moves the cursor to begining of line, file, or document. 

END; Moves the cursor to the end of line, file, or document* 

PGUP ; S c r o 1 1 s t he d i s p 1 a y u p o n e s c r e e n . 

PGDN; Scrolls the display down one screen* 

INS; Switches between insert mode and overtype piode. 

SRCH; Initiates a search for a specified character, word, 
sentence, or pattern. 

DEL; Deletes data to the right of the cursor in a line. 
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< ; 

> ; 

/\ ; 

\/ : 


Moves^pursor one ch 
erasing anv data or 


aracter 

adding 


Moves^ pf^rsov 
erasing any 


one 

data 


character 
or adding 


to the left without 
any spaces. 

to the right without 
any spaces* 


Moves the cursor up one line* When the top of the- screen 
is reached it will cause the screen to scroll up*. 


Moves the cursor down one line* When the bottom of the 
screen is reached/ it will cause the to screen scroll down* 


4*3*3 Fixed Function Keys 

Fixed function keys are those keys that are non-programmabl e ♦ 


ESC; Causes the operation to cancel or stop* 

BRK; Pressed in conjunction with the CTRL key 

(simultaneously)/ it will cause the execution of 
the current program to stop. 

CTRL; Used to invoke the functions of other keys (alone 

it has no function)* 

ALT; Used to invoke an alternate function of other keys* 

PRINT; Causes data on the display screen to be printed 

on the printer assigned to the console. 

NUM LOCK; Causes the numeric ^j'fcd to enter the numeric mode and 
allow only the numbers/ 0 through 9/ to be typed* To 
release the numeric mode and use the cursor controls/ 
press the NUM LOCK key again* 

SCROL LOCK; Locks the screen in scrol 1 mode. 
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4.3*4 Programmable Function Keys 


[~The programmable function Keys/ FI through F:l.O/ are capable of 
feeing programmed/ via software/ for any desired functions. This 
allows simple/ as well as complex/ functions to be invoked with a 
single Keystroke. 




4.3.5 Special Key combination 


[There are certain functions of 
Key combination to .be performed 


the MAD-1 that require 
. These function are; 


a special 


CLEAR SCREEN; 


/'nfy&l'c 


Pressing HOME while holding down the CTRL Key 
clears the screen and moves the cursor to the 
Ripper most fright) of the screen. 

V 


CTRL 

HALT EXECUTION; Pressing BRK while holding down the 6 HT iEf Key 

stops the current command ex ecution. — _ 


SYSTEM RESET: 


Pressing CTRL^ALT^EL Keys 
will caused a 'system reset. 


s i mu 1 taneous I y 
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FLOPPY DISK DRIVE 


5.1 GENERAL DESCRIPTION 


[T he MAD-1 data nodule contains enhanced double-headed; 
low -prof i 1 e 5-1/4 inch Shugart SA455 MiniF loppy Disk Drives. 
These drives are capable of perform :i.ncj Read/Write operations in 
single and double density formats on both sides of a standard 
5-1/4 inch diskette. Some of the highlights and features 
provided by the SA455 includes 

o 500Kb- (unformatted) storage capacity, 
o Low power (12.5 watts) 
o 125/250 its/second transfer rate, 
o DC drive-motor with precision servo speed control 
and i ntegr a 1 tac: h ometer . 
o Band positioner 

o Glass bounded f errite/ceramic read/write head, 
o Internal write protect circuitry, 
o Activity 1 ight 
o Solid die cast chassis. 


.a Workstatiorycontains 


The standard configuration of the MAD- 1 a W orkstatiorycontains two 
SA455 FDDs mounted side-by-side in the data module. Each unit is 
1.62” H X 5.75" W X 7 , 96 " D in since; weighs 3.3 pounds; and has a 
heat dissipation of approximate! y 9,6 watts. 
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5.2 FDD FUNCTIONAL DESCRIPTION 


[jfhe SA4S5 half-h eight compact floppy disk drive contains; all the 
necessary Mechanical and electronic c i r c u i t r yjto__in t erf ace — with 
the disk drive controller logic and perf prrt ,J8eek, ^drite, and 
operations. 


1 


5.2.1 Read/Write and Control Logic 

f~Th e single microprocessor controlled circuit card located in the 
disk drives provide Read/Write, head positioning, stepper motor 
drive, interface control , index detection,' track zero detect, 
spin speed control , and dynamic braking functions. Logic for 
head selection between Head 3. and Head 2, read pre-amplification, 
and write drive are mounted within the sealed enclosure in 
proximity to read/write heads. 

Two read/write heads are supported by a carriage mechanism 
coupled to the stepper motor through a rack -and -pinion motion 
translator. This translator allows for an increased number of 
data tracks while retaining the characteristics of the stepper 
motor. Data is recorded on one 130 mm diameter disk through two 
low forces low mass Winchester type ferrite heads. The Track 0 
detector 'resides on the stepper motor and consists of a 1 ight 
source and a reciever. When this optical sensor is blocked by an 
interrupter on the motor shaft, it indicates one of several track 

zero positions^) i- n <;U.c«vtes — one of s e ve ral" 

?_o_ sjjzion-. The mi c r 



~fCK . il t. a -l — trac k — rertr 


©processor determines the physical location of 
track 0 from redundant logical track 0. 
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5.3 FDD OPERATIONAL DESCRIPTION 


^_This section describes the FDD ^J&rive operation starting with 
power sequencing, drive selectiop, go tor on, track accessing, 
step ^in/oOTT^side selection, ai-jfL^ead/^r i t e~~<!Tp er a t i ons . 


5.3*1 FDD Power Sequencing 


pPTfter the systepi is powered up, +5 and +12 DC supply voltages 
Wr e applied (in any order) to the disk drive unit. During this 
tinie, the -WRITE GATE (Active Low Signal) line must be/ 
inactive to prevent possible glitching of the media. The +3 
is used for logic and +12(Vdc Ito power the . spindle drive pk 
After power is applied, there is a lOO.jwsec 
operation is performed. — - 


delay before 



After powering on, the initial position of the heads with respect 
to the data tracks on the media is indeterminate. It is 
necessary that the heads are positioned by performing the STEP 
OUT operation until the Track 00 line is activated. 


5.3.2 FDD Drive Selection 

["Dr ive selection occurs when one of the -DRIVE SELECT signals is 
true. Only the selected drive will respond to control input 
signals and only control output signal fropi that drive will be 
gated to the interface. 


5.3.3 FDD Motor On 

f The FDD motor is idle when there is no .seek/read/write 
operation. To perform any of these function the motor must "first 
be turned on. This is accomp 1 ished by signal -MOTOR ON which is 
tied to bit 3 of the port B register in the 8255 progr^romabl e 
peripheral interface chip located on the CPU board. 500 ms^pmst 
be introduced after the -MOTOR ON line is activated to aii-aU the 
motor to reach its proper speed before any operation. The motor 
will stay on as long as the -MOTOR ON signal is active. It is 
the responsibility of the host system to deactivate the -MOTOR ON 
line to stop the motor, which will continue to rotate for three 
A37 seconds after the -MOTOR ON signal has been deactivated. 
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5.3.4FDD^Track Accessing 

5ead/J<fr i tre.' h ead p os i t i on i ng 



is accomplished by the following; 


o Setting -WRITE gate false 

o Setting the appropriate -DRIVE SELECT true, 
o Selected drive having -READY and -SEEK COMPLETE true, 
o Setting the appropriate state of -DIRECTION IN 
o Pulsing the -STEP 


Each -STEP p 
track in/ or 
IN. When true 
355/ and when 
track 0. 


5.3.5 FDD Step 


ulse will cause the heads to move either one 

one track out dgp ending on the state of -DIRECTION 
it causes the<^/W^he?ad to move inward/ toward track 

tp e head to^m ove o utward toward 

^ ill owh 


false it causes 




Out 





p3h i 1 e the -DIRECTION SELECT is inactive/ a pulse on the STEP 
line will cause the read/write heads to move one track away from 
the center of the disk. For detai 1eo[ timing^/ refer to the Shugart 

ii\6>rfrwMoY\ 


service manual . 


A 


5.3.6 FDD Step In 

f While the -DIRECTION SELECT is active/ a pulse on the STEP line 
wiTT cause the read/write heads to move one track c 1 oser to the 
center of the disk. For detailed! timincu refer to the Shugart 

service manual . \ inhrm tioD 


5.3.7 FDD Side Selection 


PFhe s 
wifh a 
signal 
side 0 
select 
SELECT 
signa 1 
before 


ide selection function is required to perform an operation 
double sided diskette. This is controlled by the I/O 
SIDE SELECTION which selects the read/write head on the 
surface of the diskette when -SIDE SELECTION is false/ and 
the read/write head on the side 1 surface when the -SIDE 

of state in -SIDE SELECTION 
del ay 

any read or write dp^ationTEcT'that diske tt e.- 


ION is true. After chang e of state 
z a minimum of 100 ('rucro- second _t>me 


is required 


MecZ 
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5*3*8 FDD Read Operation 

Clhe sequence of signal timing for reading data from the floppy 
disk drive is listed below; 


o Setting -WRITE gate false 

o Setting the appropriate -DRIVE SELECT true* 
o Selecting the appropriate -HEAD SELECT 


5*3.9 FDD Write Operation 

[~f o 1 lowing is the sequence of signal timing for writing data to 
the floppy disk drive; 


o Assuring -WRITE FAULT is false 
o Setting the appropriate -DRIVE SELECT true, 
o Selecting the appropriate -HEAD SELECT binary address* 
o Setting -WRITE GATE true and placing the data to be 
written on the MFM WRITE DATA lines* 
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5*3.10 Sequence of Events 



POWER ON ! 

--> ; 100 "ns~": 


MOTOR ON 


DRIVE SELECT i 

•A 

^ / 

DIRECTION /\__ 

«* 

-->; 1 us i < — min* 


\ 

STEP :\ / 

- - > ; 1 us 

Figure 5-1; Sequence of Events Timing 
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§.*4_FDD__PrggraMMing__Cgnside]r5.'E.i9D 

(jChe NEC 7 <65 floppy disk controller located on the CPU board in 
the computing module provides two registers in I/O locations 
X' 3F4' and X'3F5'« These registers are used by the programmer for 
performing read/ write/ and status check operations using the 
SA455 floppy disk drive. FDC Status Register; 


76 5 4 32 1 0 


x ' 3F4 ' : : i : : i : : - : 

! ! ! ! ! ! ! ! ! 

*“ •+**** — * 4 * - *** + *“ — 4 * “* 4 * ■** * 4 * “* *** •+■ "* 

i i i • « t t • 

i i i i i i i i 

! ! ! ! ! ! ! + --> FDD A busy 

! 1 ! ! ! ! + > FDD B Busy 

1 ! | ! ! + - > FDD C Busy 

t j ; i + > FDD D Busy 

j j j > FDC Busy 

; j > Non -DMA Mode 

! + > Data Direction; 

! 0 = Data In 

1 1 ~ Data Out 

> Request for Master 


FDC Data/Command Register; 


X'3F5' 


76543210 
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5jt5„FDD_INTERFACE._DESCRIPTI0N 



interface signals between the SA455 
the floppy interface logic may 


categories; control lines/ data lines/ 


MiniFl oppy 
be divided 
and power 


disk drive 
into three 
lines. The 


signal names and the 1 ine assignments are shown in Figure 5-2. 


FDD/Host Interface connection 


Figure 5-2; FDD Interface 
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5. 6„_ FD D._ SP ECI FI CATION 
PERFORMANCE SPECIFICATIONS 



SINGLE DENSITY 

DOUBLE DENSITY 


(FM) 

(MFM) 

Byte Capacity (40 Tracts : 



Per Disk ( unformatted) 

250,000 

500*000 

Per Sur f ac e ( unf orma tted ) 

125*000 

250,000 

Per Track ( unformatted ) 

3,125 

6,250 

Per Disk (formatted 16R/T) 

163,840 

327,680 

Per' Track ( formatted 16R/T ) 

2*048 

4,096 

Per Sector ( formatted 16R/T) 

128 

256 

Per Disk (formatted 10R/T) 

204,800 

o 

o 

<• 

4 *. 

*> 

o 

■*3“ 

Per Track ( formatted 10R/T) 

2,560 

5,120 

Per Sec tor ( f or matted 1 OR/T ) 

256 

512 

Transfer Rate 

125 Kbits/sec 

250 Kbits/sec 


r 

/ " 

Latency ( avg * ) 

100/ ms 

100 PIS/ 

/ 


I 

1 


Access Time: 

1 

j 

f 

Track to Track 

A; ms 

6 i ms 

Average 

93! ns 

93 pis 

Setting Time 

j—j. 

< R 

3 

5 

15 pis / 

J 

FUNCTIONAL SPECIFICATIONS 




SINGLE DENSITY 

DOUBLE DENSITY 


(FM) 

(MFM) 

Motor' Start Time 

500^ms\) 

SOOpvsO 
( / 

Rot a t i ona 1 Sp eed 

300 rpm 

300 rpm 

Recording Density 

2938 bpi 

5876 bp i 

Track Density 

48 tpi 

48 tpi 
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ELECTRICAL SPECIFICATION 

+ 12/ Vdc)+/- 10% at 1*2 A <Max.) 
+ S^V^lc +/- 5% at: 0*9 A (wax,) 

ENVIRONMENTAL SPECIFICATION 


Temperatures 

Operating 

Shipping 

Storage 

c\ 

Relative Humidity: 
Operating 
Shipping 
Storage 


50 'F (10.0'C) to 115' F <46.1'C) 
-40 ' F ( -40' C) to 1 44 ' F <62*2'C) 
- S' F <-22*20 to 117' F <47*2'C) 


20% to 80% 
1% to 95% 
1% to 95% 


PHYSICAL SPECIFICATION 


Dimensions: 

height 1 * 62 inches < 41*1 nn) 
Width 5*75 inches <146*1 mm) 
Depth 7 ♦ 96 inches <202*0 mm) 


Weight 


3.3 1 fos <1.5 Kg * ) 
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5..7„REC0RDIHG.._MEDIA jl FL0PPY_DISKETTE 


:[j[h© FDD uses standard 15-1/4” ( 133.4-mi 11 ineter) doubl e-sided> 
double-density diskeisxa mP/ (r a ther types — »-£ — h ~ l «>iinrgy= h “ used - *-- 
For programming considerations > the recording medium is a 
flexible magnetic disk enclosed in a permanent protective jacket 
that allows the disk to freely rotate. The protective jacket has 
several openj^incp and slots for Read/Write Operation (see Figure 
5-3). During operation (read/write ) , the surface of the diskettes 
are constantly being c 1 eaned by a soft fabric located inside the 
protective jacket. 


Floppy Diskette Diagram 


Figure 5-3: Diskette Diagram 


5.8 MAINTENANCE 


Refer to Shugart Service Manual (P/N 39239-0) for Sfi455 


•Minifloppy Drive. 




^ Zfie - 
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Chapter 6 

HARD DISK INTERFACE AND DISK DRIVE 


6. l._ GENERA L„ DESCRIPTION 

£j£he HAD- 1 optional hard disk drive is a 5- 1/4” half-height rigid 
media employing Winchester technology. This compact disk drive 
is 1.69" H X 5.50“ W X 8.00" I) in size and occupies the same 
space as a single unit mini -disk floppy drive in the data 
module* It provides the? user i.njrh-ope 1 i ab 1 e high performance data 
transfer at the rate of 5.0 ^Hfo i t s sec ond with an unformatted 
capacity of 12/749/184 bytes Some of the key features on the? 
MAD-1 op tiona l hard disky^are given in the following list; 

o Microprocessor control / 
o Op en 1 oop step p er h ead p os i t i on i ng . 
o Head shipping zone 
o Buffered seek 
o Power up diagnostic 
o 12.749 . 184 un formatted calcify 
o 5 . (jrT'lega - to itjjl/sec ond transfer rate 
o Phys'rcstl — space requirement same as a 
mini f 1 op p y d i sk dr i ve . 
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^2„HARD_DISK„.FyNCTI0NAL„DESCRIPTI0N 


£jThe MAD-1 ha l f -height compact hard disk drive contains all the 
necessary mechanical and electronic circuitry for .interfacing 
with the disk drive controller logic and performing ^8eek> ^rfrite> 
and tfead operation* 

6*2*1 Read/Write and Control Logic 

[[^The single microprocessor controlled circuit card located in the 
disk drive provides ^ead/jdrite/ head positioning/ stepper motor 
drive/ interface control/ index detection/ track zero detect/ 
spin speed control / and dynamic braking functions* Logic for 
head selection between Head 1 and Head 2/ read preamplification/ 
and write drive are mounted within the sealed enclosure in 
proximity to read/write heads* 

Two read/write heads are supported by a carriage mechanism 
coupled to the stepper motor ttrough a rack-and-p inion motion 
translator* This allows for an 'Increased number of data tracks 
while retaining the characteristics of the stepper motor* Data 
is recorded on one 130 mm diameter disk through two low force/ 
low mass Winchester type ferrite heads* The track 0 detector 
resides on the stepper motor and consists of a 1 ight source and a 
receiver* This optical sensor/ when blocked by an interrupter on 
the motor shaft/ indicates one of several logical track zero 
positions* The microprocessor determines the physical location 
of track 0 from redundant logical track 0* 
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6.3 HARD DISK OPERATIONAL DESCRIPTION 


(jTjxis section describes the hard disk drive operation . starting 
with power sequencing, drive selection, track accessing, head 
selection, and Jfead/Jrfrite operations. 


6*3.1 Hard Disk Power Sequencing 

/"Aft er the system is powerectAAp, +5 and +l2[ Vdc/ supp 1 y voJI^t^ges 
are applied (in any order )/€o/th)P disk drive— offit . The +^Vdc is 
used for logic and the +V2 Vdc/is used to po„wer the spindle-drive 
motor. The microprocessor — verifies the spindle rotation for 3600 
rpm, then activates the automatic track 0 positioning. Upon 
completion of Track 0 Positioning, signals -TRACK ZERO, -SEEK 
COMPLETE, and -READY becomes true. 


POWER ON 

-TRACK 00 


•SEEK COMPLETE 


-READY 




» < — — 1 Sec. typical 


» < — — 20 Sec. typical - - > s 


Figure 6- Is Hard Disk Power-On Timing Diagram 
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^♦3_HARD_DISK_gPERATIQNAL„DESCRIPTION 


Gb.i 


section describes 


hard disk drive 


with power sequencing* drive selection* track 
selection, and/esd/^ite operations. 


eration starting 
accessing* head 


6*3*1 Hard Disk Power Sequencing 

/"After the system is powered jqp * +5 and +12^ Vdc^/ supp 1 y vpj^iges 
are applied (in any order y/ixTrthe disk drive'-tdiit ♦ The +^Vdc"is 
used for logic and the +12 Vdc^xis used to po_wer the spindle-drive 
motor* The microprocessor — verifies the spindle rotation for 3600 
rpm* then activates the automatic track 0 positioning* Upon 
completion of Track 0 Positioning* signals -TRACK ZERO* -SEEK 
COMPLETE* and -READY becomes true* 


POWER ON 

-TRACK 00 


-SEEK COMPLETE 


-READY s s 1 

! 5 5 

5 -->s 5 < - - 1 Sec* typical 

5 < - - 20 Sec. typical -->5 

Figure 6- Is Hard Disk Power-On Timing Diagram 
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6*3*2 Hard Disk Drive Selection 

Drive selection occurs when one of the -DRIVE SELECT signals is 
true* Only the selected drive will respond to control input 
signals and only control output signals from that drive will be 
gated to the interface* 


6*3*3 Hard Disk Track Accessing 



ite head positioning 


is accomplished 


by s 


o Setting -WRITE gate false 

o Setting the appropriate -DRIVE SELECT true* 
o Selected drive having -READY and -SEEK COMPLETE true* 
o Setting the appropriate state of -DIRECTION IN 
o Pulsing the -STEP 

Each -STEP pulse will cause the (R/w heads to move either on track 
in or one track out/ depend! n^| on the state of -DIRECTION IN/ 
when true it causes the head to move inward/ toward track 

355/ and when it is f al se lfTcauses head to move outward toward 

track °- Vl\ oOY 


6*3*4 Hard Disk Head Selection 


Either of the two heads may be selected by placing the heads 
binary address on the -HEAD SELECT 2 to the power of 0 <2e0) 
input line* 


6*3*5 Hard Disk Read Operation 


The sequence of signal timing for reading data front the hard disk 
drive is as follows? 


o Setting -WRITE gate false 

o Setting the appropriate -DRIVE SELECT true* 
o Selecting drive having -READY and -SEEK COMPLETE true* 
o Selecting the appropriate -HEAD SELECT 
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6*3*6 Hard Disk Write Operation 


11 owing he sequence of signal 

** the hard disk drives 


timing for writing data to 


o Assuring -WRITE FAULT is false 
o Setting the appropriate -DRIVE SELECT true* 
o Selecting drive having -READY and -SEEK COMPLETE true, 
o Selecting the appropriate -HEAD SELECT binary address* 
o Setting -WRITE GATE true and placing the data to be 
written on the MFM WRITE DATA lines* 
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6*4 HARD DISK INTERFACE DESCRIPTION 


f^The interface to the hard disk May be divided into three 
categories; control signals* data signals* and DC power signals* 
All control signals are digital and are driven by an open 
collector source* They are terminated by a 220/330 ohm resistor 
network in the driver. The control signals are gated into the 
drive by activating the appropriate -DRIVE SELECT line* The 
physical connection between the hard disk and the system involves 
four connectors (pin listing is given in Table 6-1); Jl/Pl 
connection carrying control lines* J2/P2 connection handling-jthe 
data lines* J3/P3 connection for the DC power lines <+5Vdc ahd 
+ 12 /^DC))* and the J4/P4 connection which provides frame orta unc 


CONTROL SIGNAL DRIVER/RECEIVER DIAGRAM 


Figure 6-2; Control Signal Driver/Receiver Diagram 


Technical Reference Manual 840707;20.07 


6-140 





HAD COMPUTER 


HARD DISK INTERFACE AND DISK DRIVE 


Pl-01 

m 

F’l-02 

PI -03 

«k 

m 

PI -04 

PI -05 


PI -06 

PI -07 

w 

F’l -08 

PI -09 

5 

PI -10 

PI -11 

% 

Pl-12 

PI -13 

m 

m 

PI -14 

F’l-15 

m 

P 1 - 1 6 

PI -17 


PI -18 

P 1 - 1 9 

% 

PI -20 

Pl-21 

it 

PI -22 

PI -23 

* 

F’l -24 

PI -25 


PI- 26 

PI -27 

** 

F’l-28 

PI -29 


F’l-20 

PI -31 


F’l-32 

PI -33 

: 

F’l-34 

P2-01 

! 

P2-02 

P2-03 

* 

F'2-04 

P2-05 


F’2-06 

P2-07 


F'2-08 

P2-09 

* 

- 

P2-10 

* 

- 

P2-11 

* 

F’2-12 

P2-13 

i* 

- 

P2-14 

5 

- 

P2-15 


F’2-16 

P2-17 

: 

- 

P2-18 


- 

F‘2-19 

m 

F’2-20 

P3-01 


- 

P3-02 

* 

- 

F'3-03 

m 

i* 

- 

F'3-04 

P4 

m 

m 

— 


Reserved 

Reserved 

- Write Gate 

- Seek Comp 1 ete 

- Track Zero 

- Write Fault 

- Head Select 2' 
Reserved 
Reserved 
-Index 

-Ready 

-Step 

-Drive Select 1 
-Drive Select 2 
-Drive Select 3 
-Drive Select 4 
-Direction In 

-Sel ected 

Reserved 

+Spare 

Reserved 

+Spare 

+Spare 

Ground 

+MFM Write Data 
-MFM Write Data 
Ground 

+MFM Read Data 
+MFM Read Data 



Table 6-1; Hard Disk Drive Interface Pin Assignment 

SIGNAL NAME 


CONNECTOR PIN NUMBER 
Ground ; Signal 


l /Dc ? 
\ldcl 


Technical Reference Manual 840707:20*07 


6-141 


MAD COMPUTER 


HARD DISK INTERFACE AND DISK DRIVE 


«»5_HARD_DISK_SPECIFICATI0N 
PERFORMANCE SPECIFICATION 


Storage Capacity; 

( Unf ormatted ) 

Per Drive 
Per Track 

Storage Capacity; 

( Formatted ) 

Per Drive 
Per Track 
Per Sector 
Sectors per Track 

Recording Heads 
Cyl inders 
Data Tracks 

Recording Density; 
Areal 

Linear (MFM) 

Radial 

Rel iabi 1 itv; 

MTBF 

MTTR 

Rotational Rate 
Data Transfer Rate 


12,749,184 

10,416 / Fytes 


)fi\ 


1 0 ♦ Oy Megaby tes 

8 , 

256 
32 

2 Heads 
306 
612 


4*87 X 10e6 bits/S^q. inch 
8290 bpi ‘ 

588 tpi 


8,000 hours, continuous operation 
30 minutes 


3600 rpm +/- 17S 
5 ♦ 0 Mbits/second 


Access Time; 

Average Latency 
Settling Time 
Seek Time 


Start Time 
Stop Time 


8*33 /ms \ 

15.0 /ms 1 

3.0 /ms Track to Track 

* 85.01 ms /Average 

* 205 Maximum 

20 seconds from Power On to Ready 
15 seconds from Power Off time 


*; Buffered including settling time. 
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ELECTRICAL SPECIFICATION 

DC Voltage Input 



/- 

+/- 


5’/., 

5%, 


AC Voltage Input 

Power Consumption 

ENVIRONMENTAL SPECIFICATION 


Not Required 
17 Jti atts typical 


1.1 

1.5 


amps 

amps 



Operating 40'F <4.4'C> to 115'F <46'C> 

Storage -40'F<-40'C> to 135'. F <57'C> 


Relative Humidity; 
Operating 
Storage 
Max. Wet Bulb 


8% to 80% non-condensing 
8% to 80% non -condensing 
78 ' F <26'C> 


PHYSICAL SPECIFICATION 


Dimensions; 
Height 
j^idth 
Depth 

Weight 


1*69 inches +/- 0.01% 
5 *76 inches +/- 0.02% 
8.00 inches +/- 0.02% 

3.5 pounds 
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Chapter 7 

BASIC INPUT/OUTPUT SYSTEM 


7.1 INTRODUCTION 
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1 

1 

TERMS ! 

1 

DEFINITION ! 

ii 

i! 

!! 

Ii 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

u 

ii 

!! 

ii 

ii 

ii 

H 

ii 

i! 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

a 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

ll 

ii 

ii 

ii 

ii 

ii 

II 

ii 

ii 

ii 

A/N 

A1 phanuneric 

! AND 

Logical Operator 

APA 

All Points Addressable 

i ASCII 

American Standard Code for Information Interchange 

j b tfey 

Unit of Transmission, In asynchronous transmission. 

the unit of modulation rate corresponding to one 


unit of interval per second; that is , if the duration 
of unit interval is 20 milliseconds, the modulation 


rate equals 50 Ifaud* 

! BCC 

Block-Check Character* 

! BIOS 
: 

Basic Input/Output System 

Smallest Unit of Information 

1 Byte 

8 bit 

! BPS 

Bit Per Second 

: bsc 

Binary Synchronous Communication 

! CAS 

r 

Col umn 'Address Strobe 

: CCITT 

Comite Consul tatif International Tel egraphique et 


Telephonique (European Standard^ Committed 

: cps 

Character Per Second A g 

! CPU 

Central Processing Unit 

! CRC 

Cyclic Redundancy Check 

: CRT 

Cathode Ray Tube 

i CTS 

Clear To Send 

! DLAB 

Divisor Latch Address Bit 

! DIN 

Deutsche Industrie Norm (German Industrial Standards) 

i DIP 

Dual In-line Package * 

! DMA 

Direct Memory Access 

! DSR 

Data Set Ready 

! DTR 

Data Terminal Ready 
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! TERMS 

t 

1 

DEFINITION ! 

! EBCDIC 

Extended Binary-Coded Decimal Interchange Code 1 

! ECC 

Error Checking and Correction ! 

! EIA 

Electronic Industries Association » 

! EOT 

End-of -Transmission character « 

I EPROM 

Erasab 1 e Programmab 1 e Read On l y Memory ! 

! ETX 

End -of -Text character ! 

I 

1 H ~ 

Hertz / unit of frequency ! 

! K Bh/ftd 

Kilobytes; 1000 Bytes • 

! KHz' 

Kilohertz/ 1000 hertz « 

i LED 

Light Emitting Diode ' ’ 

! M 

One thousandth part S 

i 11 0/ . 

Mega (1/000/000) > 

! MB bqffi 

Megabyte; 1 million bytes ! 

! NFM 

Modified Frequency Modulation / - i 

! Modem 

Modulator/Demodulator 0<,p(<5tl' * j 

! nsec 

Nanosecond (one billionth of second) • 

! NRZI 

None - Return - to - 'Zero Inverted ' 

: OR 

Logical operation (jf' 0(| , 'CiT^' - ! 

! PEL 

Picture Element • 

I PIXEL 

Picture Element ' 

! PROM 

Programmable Read Only Memory ' 

! RAS 

Row Address Strobe ' 

RGB I 

Red-Green-Bl ue- Intensity • 

! ROM 

Read On 1 y Memory • 

: RTS 

Request To Send ' 

: RS-232C 

The standard set of EIA signals for communication with ! 


external equipment • 

! RS-422 

The standard set of EIA signals for communication with ! 


external equipment . ' 

! RLSD 

Receiver Line Signal Detect* S 


££cei’v£ Do&Q 5 

! SDLC 

Synchronous Data Link Control ' 

! serdes 

Serial izer/Deserial izer ' 

! SS 

Start-Stop transmission ' 

! TTL 

Trans is tor -Transistor- Logic • 

T T^Data 

Transmit Data • 
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I/O ADDRESS MAP 


! ADDRESS 

1 

(Hex) 

FUNCTION ASSIGNMENT i 

000 -OOF 

Used for DMA control (Intel S237A-5) ! 

! 020-021 

Used for interrupt control (Intel 8259A) 1 

040-043 

Used for timer control (Intel 8254) * 

1 040-0*3 

Used for programmable peripheral chip (Intel 8255A-5) ! 

080-083 

Used as DMA page register ! 

! OAx * 

Used as NMI mask register ! 

OCx 

Reserved ! 

! OEx 

Reserved ! 

200-24F 

Reserved 1 

! 278-27F 

Reserved ! 

2E8-2EF 

Asynchronous communication (Tertiary) ! 

! 2F8-2FF 

Asynchronous communication (Secondary) ! 

! 300-31F 

Used as a prototype card ! 

I 320-31F 

Used for fixed disk ! 

1 378-37F 

Used for printer ! 

! 380-38C** 

Used for the SDLC communications ! 

! 380-389** 

Binary synchronous communication (Secondary) ! 

! 3A0-3A9 

Binary synchronous communication (Secondary) ! 

! 3B0-3BF 

Used for monochrome display ! 

! 3C0-3CF 

Reserved ! 

! 3D0-3DF 

Used for color graphics ! 

! 3E0-3E7 

Reserved ! 

! 3F0-3F7 

Used for floppy diskette — — *■ ! 

i 3F8-3FF 
| 

Asynchronous communications (Primary) ! 

• 


*5 At power-on, NMI to the 801S6 is Masked off and the mask is 
controlled as follows: 

ENABLE NMI = Write x'80' to I/O Address x'AO' 

DISABLE NMI= Write x'00' to I/O address x'AO' 

**; Since the addresses of these two functions overlap, they 
cannot be used together* 
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SYSTEM MEMORY MAP 


STARTING 

ADDRESS 


Dec . 

Hex ♦ 

FUNCTION 

0 

OOOOO 


16K 

04000 


32K 

08000 


4BK 

OCOOO 


64 K 

10000 


80K 

14000 

' 

96K 

18000 


112K 

1C000 


128K 

20000 


144K 

24000 


160K 

28000 


176K 

2C000 

512 I< BYTES 

192K 

30000 

MAIN MEMORY 

208K 

34000 

ON 

224K 

38000 

CPU BOARD 

240K 

3C000 


256K 

40000 


272K 

44000 


288K 

48000 


304K 

4C000 


320K 

50000 


336K 

54000 


352K 

58000 


368K 

5C000 


384K 

60000 


400K 

64000 


416K 

68000 


432K 

6C000 
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STARTING ADDRESS 
Dec ♦ Hex ♦ 

448K 70000 
4*4K 74000 
480K 70000 
496K 7C000 

FUNCTION 

512K 00000 
528K 84000 
544K 88000 
5*0K 8C000 

128 K BYTES EXPANSION 

ON 

MEMORY EXPANSION BOARD 

576K 90000 
592K 94000 
*08K 98000 
624K 9C000 

640K AOOOO 
656K A4000 
*72K A8000 
688K ACOOO 

RESERVED ADDRESS SPACE 

704K BOOOO 
720K B4000 
736K B8000 
752K BCOOO 

<-- ADDRESS SPACE ASSIGNED TO MONOCHROME --> 

< RESERVED > 

< -ADDRESS SPACE ASSIGNED TO COLOR/GRAPH I CS-> 

< RESERVED -> 

768K COOOO 
784K C4000 
800K C8000 
81*K CCOOO 

192 K BYTES 

MEMORY ADDRESS SPACE 

RESERVED 

832K DOOOO 
848K D4000 
8*4K D8000 
08OK DCOOO 

896K EOOOO 
912K E4000 
928K E8000 
944K ECOOO 

960K FOOOO 

976K F4000 

992K F8000 

1008K FCOOO 

32K ADDRESSING SPACE ASSIGNED TO BIOS 

RESERVED 


if™! S L^gfrrTTi^ySr^ TFriJ& g K^ S Q& nir^ 
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Agigendi x D 
JUMPER SELECT OPTION 


MAD-1 provides 25 junipers on trhe CF'U board which al low trhe user 
to select various system configurations The.se jumper connections 
are shown in Table C-l; * 


Diagram of CF'U Board shown 
25 jumpers* 
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Table C-ls Jumper Select on CPU Board 


JUMPER ** 

JUMPER CONNECTION & FUNCTION 

W-01 

Not Used 

W-02 

Tertiary Serial Port Configuration 

U-03 

Tertiary Serial Port Configuration 

W-04 

Tertiary Serial Port Configuration 

W-05 

Selects Transmit and Receiver Clock into 8274 

W-08 

Connects 80188 NMI input to Ground or to Parity 
circuitry ♦ 

W-07 

Not Used 

W-08 

Not Used 

W-09 

Parity Circuit Test Jumper 

W-10 

Not Used 

W-ll 

A to B connects 8274 Channel A's transmitter 

Data Ready to 80188 Channel 0's DMA request Line. 

C to D connects 8274 Channel A's receiver Data 
Ready to 80188 Channel l's DMA request ^dne. 

W-12 

Floppy Write Precompensation 

W-13 

Floppy Write Precompensation 

W-14 

Tertiary Serial Port Configuration 

W - 15 

Tertiary Serial Port Configuration 

W-18 

Tertiary Serial Port Configuration 

W- 17 

Tertiary Serial Port Configuration 

W-18 

Tertiary Serial Port Configuration 

W- 19 

Floppy Write Precompensation 

W-20 

Front Pane 1 LED 

W-21 

A to C connects speaker clock to 8255 pin (P) C5 

B to C connects Data Set Ready fropi Tertiary 

Serial Port (8274) to pin <P> C5 of 8255. 

W-22 

Interrupt Control AEN from 8237 or pin 5 of J-ll. 

W-23 

Connects I/O CH RDY to 8237 RDY 

W-24 

Selects 4 MHz clock to 8237 and DMA clock from 
pin 3 of J-ll. 

W-25 

A to C connects INT7 of 8259 to the parallel 


(Centronics) port circuitry. 

A to B connects INT7 of 8259 to the 8274 USART . 


...x.ixj U. .... ............ .... .r.. ~r- . i ■ — 


*5 Jumper W-2 --> W-4 and W-14 --> W-18 to configure the 
Tertiary Serial Port as either an RS-422 or RS-232C port* 


Jumper W-12 ,W-13> and W19 for different values to select 
the floppy's write pre-compensation on 9229 chip* 

See Floppy Write Pre- compensation table next page* 
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Table C-2; Floppy Write Pre- Compensation Table 


JUMPER CONNECTION 
<0 = Shorty 1 * Open) 
W-19 W-13 W- 12 


FLOPPY WRITE 
PRE-COMPENSATION TIME 
Nanoseconds 



0 0 0 

0 0 1 

0 10 
Oil 
10 0 
10 1 
110 
111 



MAD-1 provides 12 jumpers on the video board which allow the user 
the flexiblity of configuring the video for monochrome or 
color/graphics clock and color composition* The jumper 
connections are given in Table C-3; 


Diagram of Video Board showing 
12 jumpers* 
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Table C-3; Jumper Select on Video Board 


! JUMPER ** 

JUMPER CONNECTION & FUNCTION ! 

! W-l 

Not Used ! 

I W-2 

When connected to ground* selects monochrome ! 


clocks* ' 

! W-3 

When connected to ground* selects S/W of color I 


or monochrome* ! 

: w-4 

When connected to ground* selects clock for the ! 


color terminal* ' 

1 UI-5 

When connected to ground* forces RGB off* ! 

! W-6 

When connected to ground* forces RGB on* ! 

! W-7 

When connected to ground* allows S/W control of ! 


intensity. 

! W-8 

When connected to ground* forces intensity Vight* ! 

1 W-9 

When connected to ground* enables composite syhc ♦ ! 

! W-10 

When connected to ground* shorts pin 2 of video ! 


display jack (composit sync signal)* ! 

T-i 

1—f 

I 

3 

When connected to ground* enables normal ! 

i 

i 

vertical sync signal ♦ ' 

(VI 

T"i 

3 

When connected to ground* inverts vertical sync. ! 

i 

, n ...r .... 1 
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Appendix F 

REMOTE COMMUNICATION 


Remote communication between Data Terminal Equipment (DTE) and a 
host processor can be established using voice quality 
communication lines (standard telephone ' line) and Data 
Communication Equipment (DCE)/ as shown in the following figures 


Diagram shown DTE/ DCE/ and Communication 
line/ similar to IBM diagram F-l 


Connection between the data terminal equipment and data 
communication equipment is made through a cable conforming to the 
EIA or CCITT standard/ using EIA/CCITT adapter which interfaces 
to the data terminal equipment. 


Note: All EIA standards are ladled with RS-nnn-r notation/ 

and CCITT standards are ladled with V.nn or X.nm 
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The standardized interface defines the connector type/ signal 
name/ signal levels/ and the pin assignments which are used to 
connect many different types of data terminal equipment to many 
types of data communication equipment ♦ One of the most commonly 
used EIA interface is the RS-232C/ which is equivalent to the 
CCITT U.24 interface ♦ The connector used for this interface is a 
25-pin "D" shell/ as shown below: 


Diagram shown DTE/ DCE/ and the interface 
connector and the line numbers* 
similar to IBM diagram F-2 


F-15* 


HAD COMPUTER 


REMOTE COMMUNICATION 


The relative tiding of each signal is shown in the following 
timing diagram. It describes the sequence of operation for 
establishing communication between the data terminal equipment 
and a data communication equipment using EIA RS-232C or CCITT 
V.24 interface. 


Diagram shown timing sequence 
similar to IBM diagram F~3 
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Aggiendix G 

SYSTEM COMPATIBILITY DELTA 


6.ii_.Cent}2a)__Pr9£®§si. - ng__ym5__DeJ|..'ta_with m .IBM“PC 


Table G-ls System Compatibility Delta Summary 


FE ATURES/FUHCT I ON 

MAD-1 

Processor 

Intel 80186 

Co-Processor 

Clock Frequency 

Not provided 

6.0 MHz 

CPU Cycle 

167 nsec 

Data Bus Width 

16- bit Internal /External 

Memory Cycle Time 

667 nsec ^2—^ 

Interrupt Request 

IRQ2>3>5 are provided on 
the 1/0 Bus f IRQ4 is as- 
signed to primary serial 
port. IRQ6 is assigned to 
the on board (CPU) floppy 
controller^ and IRQ7 may 
be connected to the 8274 
US ART interrupt on the 
parallel printer port. 

DMA Channel 

DMA Channel 0/ 1/ and 3 
are carried on the bus> 
and CH2 is assigned to 
the on board floppy 
controller. 

Card Se 1 ecg^ 

C 1 ock/Ca 1 ander 

I Not available 

MSM- 58321 

e 



IBM -PC/XT 


I nte 1 8088 
Intel 8087 


4.77 MHz 
210 nsec. 

8- bit External 
840 nsec 


Provided 
Not provided 
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Gjt2_Seri.aJ[_Conmmiation_Deita__yith_IBM2F!C 


o Intel 8274 Mu 1 ti -Protocol Serial Communication 

* Synchronous Serial Communication 

* IBM Bisync Serial Communication 

* HDLC/SDLC 


O- I S9 
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G* 3_ I ng u tr/Ou t g ut_ Ch annel __ Del_ t a__ w i t h __ I BM - PC 


The M ad - 1 I/O channel consists of 86 lines which are a superset 
of thfcP* I/O channel set used by most of the PC compatible 
computers* These 86 lines include 62 signal lines (IBM I/O bus)/ 
with the exception of interrupt request lines IRQ4/ IRG6/ and 
IRQ7/ which are not used on the MAD-1 bus* The additional 24 
lines are part of the MAD-1 bus expansion which is used for the 
addition of eight data bits (D8 - B15)/ power/ground lines/ and 
six lines that are reserved for future use* . 

The I/O Channel delta between the MAD-1 and the IBM-PC/XT is 
given in Table G-2* 


Table G-2s I/O Channel Delta 


I/O Channel 

Signal Assignment 


Pin » 

MAD-1 

IBM -PC 

Comments 

— 

— 

— 

— 

B21 

Reserved 

J.RQ7 

Used for printer or aux- 

B22 

Reserved 

IRQ6 

ilary serial port* 

Used for floppy disk 

B24 

Reserved 

IRQ 4 

control 1 er ♦ 

Used for primary serial 

A32 5. B32 

J9-3&J9-1 

N/A 

port . 

Reserved 

A33 & A34 

Reserved 

N/A 


B33 & B34 

Reserved 

N/A 


A35 - A42 

D8 - D15 

N/A 

Additional 8 data bits 

B35 

LBHJU-=?\ 

N/A 

Latched Byte High Enable 

B36 - B38 

+5/VDC J 

N/A 

Additional voltage lines 

B39 - B42 


N/A 

Additional ground lines 
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6.«4_p.ieBBy_5l.i§b..-.5Eive„AdaB5§!C...fi©i.tss_yi5!3~JS!5-£6 


- Digital Output Register 


Gji5_yic?eo„DisBiay„Deita._with„IBM-PC 


Integrated Monochrome/ and Col or/Graphics 


Gjt^„Keybgard_DeIta_yith...IBM-PQ 


The keyboard lay-out/ and two addition Keys and " / "♦ 


G-i 61 


s 


M 


♦ 

To: 

Fr am : 
S u b j : 
Data : 


Prom Users PA 

FI* y a n A u g u s t i n *1 

F* a w a r C 3 n D i a g 1 1 c? s t. i. a a. ( F' □ D ) 
Oct- 24 H 1934 


PE 1 EL I M I MARY PR! 

POWER ON D I AG3N0ST I CEB < POD ) 



Th i 

s d d c li m 

e n t d 

a s c 

r i b a s 

the 

.i n 

r e 1 e a b a 

84 1 0 

» :!. o 

of the 

PRC 

:i s 

t.a test 

v a y~ i 

DU B 

h ar d w 

a r a 

p r c 

p e r 1 y :l. 

n :L t i a 

.1 iz 

0 d » 0 

n o e 

one 

a ,, t h a n 

a Ba 

iOt 

i b a 1 1 

ElTipt 

•f ai 

Is, the 

PR CM 

i m a 

n i t or* 

i. s i 


□ D sequence -for the MAD — .1. 

T h a t a s k t o b e a c c o m p 1 i s h e d 
n d m a k e s u r e t h e hi a r d w a r e i s 

\ T-% 

i U . L '/V X J. .1. LJ U” C.7 j-J 


PHILOSOPHY: 

T h e t e s t :i n q p h i Ids c p hi y i s t o d e? p e n d a n a s 1 i 1. 1 1 e u n t e s t e d h a r d w a r e 
as possible.’ For this reason, no RAM is used until the -first 64KB 
ha? hppn fp = t-pr!.,jrflfais means that some of the early errors cannot 

If an error is detected in the 


nas been tested 00 pfi^i s means 
be reported on 'the ..Yi.deo mo|fi‘t 
first wo tests, thefi.CPU^ite'gi 


and flag test! 


the svstem wi 1 1 


halt. Errors In s u b sfeb u e n t ’it b e e p an error code on the 
speaker. Testing wi' &J.l’<-cont i nueSE^S|PHB|||jtdMBMjjJ^^' rhe number 

(sd^as the number o'f^beeps) of the^vr^^^BHHjjjj^ktest will be 
pr ppted to the monitor (provided the s y ste m *' L o sick) with 
afffwarni rig message. This means that some systern^jpML boot and 
a ||p e a r t o w o r k f 1 a w 1 e s s 1 y e v e n t h o u. g h an e r r o r - ‘ w a e c t e d . 

" lyour MAD - 5. detects a fault in the PDD , sequence® on tact your 
Mi Hr 1 service representative. 





I 






FI RSI STAGE: No RAM is required for these tests to run 

# h jest CPU registers with OAAAAh and 05555h pattern, halt if mismatch. 

*h Test CPU flag registers wi th set and reset, halt if error. 

Initialise on board 8254 TIMER for timer functions and tone generator,, 



I n i 

1; j. 

a 1. i z 

e 

on 

boa 

r cJ 

02 

cr r:v 

p ar a 1 

j. 

el 

I/O 






f 1 

□ PP 

V 

d i s 

k 

c on tr c 

.1 

1. er 







i:[ 0 \/ j j 0 

a r" 

d c 

1 !'" 

{;;; u. ;i. 1 









j: / 

(j r; 

h e 

c k 

c :i. 

r C Ll i t 

i 

hel 

d d 






p £» 

r i t 

y 

c: i r 

C Ll 

i t < h £ 

?1. 

d d 

i sa 


Rea 


and 

w r .i t e 

PC 

c. 

amp 

at 

:i. b 1. e r 

o 

f t 

try •r. 


Enab 1 

e t In e 

RAM 

p e 

!'*' 1 

ty 

an 

d I/D 

e 

hec 

It C 

#t 

Per 

•form a 


c hec: 

k su 

iT' 

•j” fC.X 0 

t 

on eac 

:h 

PR 

CM - 

* t 

Tee 

t 

the 

El 

"v- —}■ *\ x 

.... 

DM 

H 0 


eg i ste- 

Vt 

.. 


* . 1 .. 

1. 

St a 

rt. 

up and te 

c: •! • 

r e 

•fre 

sh 

ci :t ret. 

.i i 

■!•• 

i y 

art 


Tee 

t 

1 1"! e 

•f 

1 ret 


KB 

of 

R 

AM „ 




t t 

Tes 

.].. 

the 

P 

a r i t 

y e 

r r 

or 

f 1 

ag u 





I n i 

t i 

a 1 i z 

e 

St a 

r |< 

0 

gment 

f 0 S ) 

a 

i n d 

sta 

]ND 

Err ac 

E: 

Wor 

j.;' 

i n c 

RAM 

1 i 

s r 

a r • 

Li i red 

X 

1 

: or 

the 


ft 


.s parity. 


sts to rur 


Setup arfummy RAM to test the interrupt controller. 

Initiate andT test ftijV controller internal registers. 

Setup the i interrupt 't,abl e f c r 3 software and unused intei 1 uptr, . 

Read the dipswi-tch andf.set equips* 

?ideo RAM not? i mpl emented ! !T 



1 alize 6 S 4 5 v i d e o c: a n t r o 1 1 e r . 


I NT TOT 

\-.r 


ML, 

z e 

on 

on 


:8KB 

of f 

on : M 


6KB 

on 

of f 


hi |<B 

of f 

off 



Rri®femessage indicating memory sics. 

CleaBfefee parity check circuits again. 

*t Test above the first 64KB up to the top of memory. 

tt Test, thepi^ty error flag again. ' 

Initialize the.,, floppy disk controller chip and floppy parameters. || 
Initialize the (Centronics compatable) parallel printer port. < INTjfl /H) 
Initialize hard disk and controller (if present). ' 

p r ■; n t p e ■= |_ 0 A D El R ’ m e s s a g e a n d d a t e c a d e .. 

Test switch 2 of dip switch; 

If ’OFF": V //? 

Print, message indicating manufacturing loop mode. 

Jump hack t r s t e first stage. 

Otherwi se : 

Cant, i nue .. 

B 0 c? p once?.. 

Transfer control to boot, interrupt (I NT 1VH> 






..EGEND : 


* Au'o siting w-ites and checks fir a AA55H pattern on 16KB 
boundries above the first 64KB, The first failing test 
d e t e r m :i. n e & m e m o r y s i c a - 

#h System will halt if an error is detected. 

*t Tests that will generate a beep sequence and error number, 
descr i bed be 3. ow. 




beteprs: Memory test above the first 64KB. 

This test -functions the same as the memory tests for the? first 
64KB of RAM. If an error is detected in this test, an encrypted 
numeric message is printed to the monitor. The 16 bit message 
c: o n t -a i n s t hi e f a i 1 i n g b i t s b a n k a n d e v e n / o d d a d d r e s s s t a t la s . 

E v e n / o d c J a d d r e s s s 1 a t u s 

T h e f i r s t a n d I e f t m o s t n i b b 1 e w i 1 1 b e e i t h e r a J. or 

If i t: ? s a 1 the failure was detected on an odd addre 

otherwise the error address is even. 


ban k: 


Bi 


The second nibble is the bank number";, with values 
0 t h r o ix c; h 3 T h i s t r a n s 1 a t e s t o t h e r o w s o f R A M 
c h :!. p s f o r b o t h e v e n a n d o d d t, U s i n q t h e b a n ! •: n u m b e r 
c a u p 1 e d w i t I s t h e e v e n / c d d a d cl r e s s s t a t us w i 3. 3. s h a w 
t h e r a w o f R A M c; a u s i n g t h e p r o b 1 e m . 

T h e 1 a s t t w cj n i b ta 1 e s s h o u 1 d b e t a k e n a s B la i t s . 

A n y b i t s e t i n t h *j. si- b y t e i n cJ i c a t e s t h e b i t p o s i t i. o n 
a f t h e e r r c: r . N o t e t h a t i t. :i. s p a s s i b 1 e f a r m o r e 
t h a n c.) r ! e b i t t o b e s e t ( f o r e x a m p 1 e ,, i f t h e mem o r y 


h a n t h e a v a i 1 a b 1 e 
celv be 


s i Z:#^ss w i t c h s e 1 1 i r i g i s g r e a t e r 

m e m o r y . ’ t h is® b y t e w a u 1 d m o s t 1 i k 

A 1 1 t h r fe e p i e c: e s o f i n f o r m a t i o m b i n e cl w i 1 1 p o i n t t □ o n e c h i p o r 

m a rjsj t h a t a r e c: a u s i n q a p r o I d 1 e m . c m s t a n c: e s t h e 1 a s t 

i s u n r e p e a t able 

= f he bit 1 ocat i on within the row is Linkiaownl 


f h e m e m a r y 1 a y o u t g u i d e s b e 1 o w s h o w t h e :l. n f o r m a', t. i e d e d t a 1 o c a t e 

a n y R A M c h i p t h a t t hi e its e m o r y t e s t a b o v e t h e f i r s t 6 41®L i n d i c: a t: e s a s 
>i ng f aul ty . 

SAMPLE ERROR s 



B i t s M b o t h n i b b 3. e s t a k e n a s B b i t < 


E v e n / □ cl d a d d r e s s 
SAMPLE ANALYS I S : ippi 

El v e n / 0 cl d a d d r e s s s t a t u s i s s e t t (:PiT'~ , s Bfiga.n s t h e e r r D| 

cj c: c u r" e d o n a n c j d d b a n k . T h e b a n k n u m b e r j?A| i n d i c: a t i i 
t hi e e r r o r a c: c: u r e d o n b a n k 2 v T In e b :L t s v a 1 u e i ^ t 1 04 , b i^Ck i n g 
8 s ! ‘ ’ * 1 • 1,1 11 0000000 1 ©^(binary) 

1 » I * * » 1 \ 1 H 



t h i 5 do w n t o b i. t s w cj la Id b e 1 1") e? s a m e 
T !*j e b i t i n e r r o r i s b :i t 
shows t ha t: 


Bit 


C o rrs b i n i n q a 1 1 t h r e e p i. e c e s 
b a n I :: 2 ,, o d d b a n k i s f a i 1 i. n g . 


Ussincj the memory layoL.it gL.tide below for a CPU fab# 310002, 
the location of the failing chip is determined to be 4 J . 





BITS CO-7: 




=:()r 

= 1 •= 


=3= 1 —4— 

— 5:=: 


(REF. DEBIG) 

( 2 ) 

( 3 ) 

( 4 ) 

(5) ! (6) 

( 7 ) 


0000- 1 FFF ( L ) 
BANK 0 ODD 




1 

1 

t 



2 000 -3 FFF ( K i 




I 

i 

1 


BANK 

r 't "i 

BANK 1 ODD 






L U •_< J 

ODD 

4000-5FFF < .3 ) 



XXX 

1 



BANK 2 ODD 



XXX 

l 



6 000 -7 FFF (H) 
BANK 3 ODD 




1 

! 

1 

1 



0000- 1 FFF (G) 




I 



BANK 0 EVEN 




1 


BANK 

2 0 0 0 3 F 7 F r F ( F 7 ) 
BANK 1 EVEN 


! 


1 

I 

1 


E 0-3 3 



— 

— 

— 

- ! 

! 

EVEN 

4000— 5FFF (E) 
BANK 2 EVEN 

i 

i 

t 


i i 

i i 


* 

6000-7FFF (D) 
BANK 3 EVEN 

1 


K' 

i " i 

i / V- 1 



***“ ' ; — * — •“ 



— 

1 * 1 



= 6 = 
( B) 


(?) 


PAR I TV 
( i o ) 


R A M 1 a y o u t guide, C P U F a b # 3 i 0 0 0 2 

Si 1 kscreened reference desi gnati one are shown i n parentheses ( ) - 
t h e X ? s m a r I-.-: t In e f a :L 1 i n g R A M c h i p f o r t h e s a m p 1 e e r r o r g i v en a b o 


(REF. DEER 


0000- IFF F (L> 
BANK 0 ODD 


BANK 
C 0 3 : 

ODD 


2000-3FFF ( K ) 
BANK 1 ODD 

4000-5FFF ( J ) 
BANK 2 ODD 


6000-7FFF ( H ) 
BANK 3 ODD 


0000- IFF F CG> 
BANK 0 EVEN 


BANK 

co-3: 

EVEN 


20O0--3FFF .( F ) 
BA.NK^l EVEN ^ 

. — *mU 4 * m mm. mkMj 

4000-5FFF (Ef 
BANK 2 -EVEN ;l 


6000-7FFF < D) 
BANK 3 EVEN 


”0" ! = 1 ^ 
(1 > ! ( 7 ) 


/ffSV'i M L fcrJ 

I VV • 


BITS CO-7] 

;y~~ | 4 ! —b :: 

( 4 ) i •: o > : ( o : 




1 ■ V ’ * -IV 


PAR I TV 
( 9 ) 


R A !i 1 a y o u t g u i d e „ C F* U Fab# 31 0 0 1 6 ^ 

fc Sfl k screened reference desi gnat ions are shown in par on theses ( ) 


10 bee p s : V idea R A M t e s t 

The video memory test is identical to the tests for the memory 
above the first 64KB., The first nibble of the 16 bit word will 
be a 1 if the error is on an odd address (attribute) or 0 i fa 
the error is on an even address (data)- The second nibble will 
always be 5 and the last, two nibbles can be ignored. Use thje 
following table to determine locations of RAM elements. w 


Video Board 
Fab# 260005 


Even /Odd 

Even 

□del 


Lac at i on 

6B 

6D 


Fab# 170001 


R y a i\y August i n , 
Sof t war e Lab 



M/XJ 


Mad Computer, Inc. 
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